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Figure S1. The standard curve for the calibration of : (a) HMF; (b) DFF; (c) FFCA; (d) FDCA.

Quenching Experiment: In order to further understand the photocatalytic mechanism of Co/ZIS-2,
in same reaction conditions, different sacrificial agents were added for trapping experiments, such as

Triethanolamine (TEOA) as hole scavenger, benzoquinone (BQ) as -O, scavenger, and Furfuryl alcohol

(FA) as '0, scavenger.

Determination of H,O, concentration: The H,O, concentration was measured by a traditional
cerium sulfate Ce(SQO,), titration method based on the mechanism that a yellow solution of Ce** can be
reduced by H,0, to colourless Ce?*. Thus, the concentration of Ce*" before and after the reaction can

be measured via the UV-vis spectrophotometer. The absorption peak used for the measurement was 316

nm.

2ce*t + H,0,-2¢e* +2H +0,

Therefore, the concentration of H,O, can be determined by equation




1
M=ExMCe4+

where M " is the mole of consumed Ce*".
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Figure S2. (a) UV—Vis Absorption Spectra of Ce*" Solutions at Various Concentrations; (b) Standard
curves at the 316 nm absorption peak.

Electrochemical measurement

Photoelectrochemical tests were performed on the electrochemical workstation CHI660E using the
classical three-electrode mode, where in the three-electrode setup, the electrolyte is a 0.5 M Na,SO,
aqueous solution, the reference electrode is an Ag/AgCl electrode (saturated KCl), and the counter
electrode is a Pt plate. The working electrodes for photocurrent and electrochemical impedance
spectroscopy (EIS) were prepared by adding 0.05 g of photocatalyst and 0.01 g of PVP to 3 mL of
ethanol, dispersing them homogeneously, adding 0.03 ml of oleic acid, and sonicating for 2 h, after
which the dispersions were spin-coated onto 1.0 cm? indium-tin-oxide (ITO) substrates.
Density Functional Theory computation details

All the density functional theory (DFT) calculations were performed for structural optimization as
implemented in the Vienna Ab-initio Simulation Package (VASP). The PBE exchange-correlation
function of the generalized gradient approximation (GGA) was used to describe the exchange
correlation energy. A plane-wave kinetic-energy cutoff of 400 eV and a maximum force tolerance of
0.05 eV/A were employed to obtain well-converged results. A vacuum thickness of 20 A was used in

the z-direction to avoid interactions between periodic slab images.
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Figure S4. Elemental mapping image of Co/ZIS-2
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Figure S5. XPS spectrum of Co
HMF Conv. DFF Yield ™ DFF Select.
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Figure S6. Photocatalytic HMF oxidation activity of different metal sulfides. Reaction conditions: 10
mM HMF, 20 mg catalyst, 20 °C



410

DFF production (umol/g/h)

156.7
125.6 130
112.5
49.7
25 30.1
1 1 1 1 1 1 1 1
R < <& R R < 8 &,&s

Figure S7. Comparison of photocatalytic DFF production performance in air conditions with some
reported photocatalysts.
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Figure S8. Kinetic plot of Co/ZIS-2.
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Figure S9. (a) XPS valence band spectra of ZIS; (b) XPS valence band spectra of Co/ZIS-2; (¢) The
schematic band structure diagrams of ZIS and Co/ZIS-2 are presented.
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Figure S10. Steady-state PL spectra.
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Figure S11. In situ infrared spectra of oxygen adsorption for ZIS and Co/ZIS-2. (a) ZIS. (b) Co/ZIS-2.
(c) The DFT calculations of the adsorption energies of oxygen on ZIS and Co/ZIS-2.
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Figure S12. TDOS and Co, Zn, S, O, In PDOS of Co/ZIS-2.
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Figure S13. (a) Cycle times activity of Co/ZIS-2, (b) The XRD pattern of the used Co/ZIS-2 is
presented; (c-d) SEM topography of Co/ZIS-2 recovery samples.
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Figure S14. The yield of H,O, (5h).
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Figure S15. HPLC chromatogram of HMF before the reaction.
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Figure S16. HPLC test diagram of HMF and DFF after reaction.

Calculate result :

Co/ZIS-2 Figure3c
Oxygen
peak area HMF
1199.06
60.6

Sample:Co/ZIS-2
Before the reaction starts
Reaction conditions: No scavengers

mAU

DFF
10.04633
968.93 0.433898 7.767533

Figure S17. Calculate result.
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Figure S18. HPLC chromatogram of HMF before the reaction.
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Figure S19. HPLC test diagram of HMF and DFF after reaction.

Calculate result :

Co/ZIS-2 Figure3d
No scavenger
peak area HMF [AFF HMF mmao DFF mmol, Conv. Yield Selec.
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Figure S20. Calculate result.
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Figure S21. HPLC chromatogram of HMF before the reaction.
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Figure S22. HPLC test diagram of HMF and DFF after reaction.
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Figure S23. Calculate result.
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