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Experimental details 
 
Synthesis and fabrication of WO3 electrode 
 The detail for the synthesis and the fabrication of the WO3 electrode was reported in our previous 
publication.1 In summary, the WO3 precursor solution was synthesized via sol-gel method. The fabrication of the 
photoelectrode was performed via spin-coating of the WO3 precursor solution onto a conductive FTO substrate 
followed by thermal annealing.  
 
Characterization of WO3 electrode 
SEM micrograph 

The top-down image illustrates the porous morphology of WO3. The thickness of a WO3 is found to be 
approximately 2 µm as measured in the cross-sectional image in Figure S1B. SEM micrography was performed using 
a Zeiss Merlin scanning electron microscope.   

 

 

 
 

Figure S1 SEM images of WO3 electrode. (A) top-down image and (B) cross-sectional image. 

 
  



 
Raman spectroscopy  
 Raman spectrum was obtained using a LabRam spectrometer (Jobin Yvon Horiba). The excitation 
wavelength was at 532 nm. The observed spectrum corresponds well with the published spectrum in the literature.2 

 

 
Figure S2 Raman spectrum of WO3 

 
XRD 
 XRD spectrum was obtained using a Panalytical Empyrean system (Theta-Theta, 240mm) equipped with a 
PIXcel-1D detector, Bragg-Brentano beam optics (including hybrid monochromator) and parallel beam optics. The 
spectrum correspond well with the reference spectrum found in the literature.3  

 

 
Figure S3 XRD pattern of WO3 

 
  



Standard electrochemical measurement 
 Unless otherwise noted, all electrochemical measurements were performed using a BioLogic SP-200 
potentiostat in a three-electrode configuration. The working electrode, counter electrode and reference electrode 
were WO3 on FTO, Pt wire and Ag/AgCl in saturated KCl solution respectively.  
The condition NaPi refers to a solution containing 0.1 M NaPi, pH=4 solution and the condition HMF/NaPi refers to a 
solution containing 5 mM HMF and 0.1 M NaPi, pH=4. For all experiment involved illumination, a 1,000 W Xe lamp 
was used to simulate the solar spectrum. The illumination intensity was set at 1 sun and the direction of the 
illumination was from the back.  
 LSV experiment: Unless otherwise noted, all the LSV experiment were performed in a cappuccino cell. No 
agitation was given to the system during the LSV measurement, and the scan rate was set at 20 mV/s. 
 Photoelectrolysis experiment: All the photoelectrolysis experiment were performed in a custom-built glass 
cell. The electrode surface used was 2 cm2. The electrolyte used was 5 mM HMF in 0.1 M NaPi, pH=4 buffer (50 mL). 
The electrolyte solution was kept stirring throughout the experiment.  
 
Product quantification 
 An aliquot of approximately 600 µL were periodically withdrawn from the reaction and was subjected to 
HPLC analysis (Shimadzu Prominence LC-20AP HPLC, equipped with dual UV-Vis detector set at 255 and 285 nm). 
Sulfuric acid (5 mM) was used as the mobile phase. The flow rate was kept at 0.5 mL.min-1 (isocratic mode) and the 
column temperature was set at 40 ˚C. The aliquots were injected through polytetrafluoroethylene hydrophilic filter 
(0.22 µM pore size), to remove any highly retained compound, into a Coregel 87H3 7.8 × 300 mm column (part 
number CON-ICE-99-9861). The column was purchased from BGB Analytik AG, Switzerland. The calibration curve 
from the known compound was performed for the quantification and identification. The retention times for HMF 
was found to be 42.2 minutes. 
 
Materials:  
 Unless otherwise noted, the following chemicals were used as received. HMF (99%) was purchased from 
Sigma-Aldrich. Sodium tungstate (99%) and Dowex® 50WX2, 100-200 mesh were obtained from Acros Organics.   

 
 
 
  



Mathematical foundation of the fit ∂J/∂E 
 
The mathematical expression used to create our fitting functions are modified from the literature.4,5 
 

 
 

  



Fitted Parameters 
 
The parameters from the fit ∂J/∂E of NaPi and HMF/NaPi solution are as follows 
 
  

 NaPi HMF/NaPi 
A1 n/a 0.323 
σ1 n/a 0.100 
µ1 n/a 0.661 
A2 1.080 1.040 
σ2 0.163 0.188 
µ2 0.939 0.938 
kb 0.240 0.240 

  
Table S1 Fitted parameters 

 
  



Fitting ∂J/∂E of HMF/NaPi with only one fitting curve 
 

A) 

 

B)  

 
Figure S4 A) ∂J/∂E analysis and B) Simulated photocurrent of HMF/NaPi solution with 

only 1 fitting curve. 

 

  



Schematic of HMF oxidation to FDCA 
 

 
 

Figure S5 HMF oxidation reaction scheme 

  



∂J/∂E of DFF/NaPi solution 
 
                           A) 

 
                            B) 

 
                            C) 

 
Figure S6 A) Linear sweep voltammogram of WO3 in HMF/NaPi, DFF/NaPi and blank (NaPi) solution. B) The ∂J/∂E 
analysis for the DFF/NaPi case and C) the experimental and simulated photocurrent of WO3 in DFF/NaPi solution 
(5 mM) 

 



  



Effect of HMF concentration 
 

 
 

Figure S7 HMF consumption as the function of passed charge  at 0.65 V and 1.20 V vs. RHE and at the initial HMF concentration of 5 mM 
and 100 mM. The dotted line represent the Faradaic efficiency of 10%, 25%, 50% and 100% as calculated from two-electron oxidation of 

HMF 
 

 

  



EIS fitting 
 

 
Figure S8 Bode plot (left) and Nyquist plot (right) in NaPi electrolyte 

 
 

 

Figure S9 Bode plot (left) and Nyquist plot (right) in HMF/NaPi solution 

 
 
 



 
 

 
 

Figure S10 Equivalent circuit used in the fitting and the fitted value (Cb, Css, RCTSS and RSS) in NaPi and HMF/NaPi solution. The 
Rb value was kept constant at 0.79 kΩ.cm-2 for both solutions.  

 
 
  



The fitted ∂J/∂E and the DOS(E) as probed from EIS  
 

 
 

Figure S11 The overlaid graph of the experimental derivative voltammogram, the fit ∂J/∂E and the DOS(E) as found from EIS in 
A) NaPi electrolyte and B) 5 mM HMF in NaPi solution  
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