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Fig. S1. (a) TEM image, (b) HR-TEM (inset SAED) and (c) elemental mapping images of WO3 photoanode.
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Fig. S2. Tauc-plot obtained from diffuse reflectance absorption spectra of bare WO3 photoanode.
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Fig. S3. Mott–Schottky plots of WO3. 
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Fig. S4. The water oxidation mechanism on transition metal oxides involves single-metal sites and dual metal-oxo entities.
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Fig. S5. PEC transient-chronoamperometry (a) chopped and (b) steady state curves of WO3 photoanode prepared at various anodization potentials. 
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Fig. S6. 1H NMR spectra of PS commercial (purchased from Sigma Aldrich) and PS plastic foam obtain from packaging waste without further purification.
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Fig. S7. Raman spectrum of WO3-PS photoanode demonstrating distinguishable peaks of polystyrene.
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Fig. S8. CA curve of WO3-PS collected at 1 VAg/AgCl in the dark.
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Fig. S9. Reflectance spectra and photographs of WO3, WO3-PS and WO3-PS-A photoanodes.
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Fig. S10. FE-SEM image, EDX spectra and elemental quantification table of (a) WO3, (b) WO3-PS and (c) WO3-PS-A photoanodes.
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Fig. S11. TEM-EDS spectrum focused on the TEM image and elemental quantification table of (a) WO3 and (b) WO3-PS-A photoanodes.
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Fig. S12. (a) Time-dependent Raman spectra of the WO3-PS system and (b) corresponding relative intensity ratio of WO3 to PS.
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Fig. S13. 1H NMR spectra (CDCl3, TMS) of PS plastic foam, electrolyte (HClO4) before and after reaction.
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Fig. S14. Images depicting: (a) PS oxidation during the PEC process, and (b) the electrolyte sampled post-reaction, showing PS flakes and peeled-off film.
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Fig. S15. 1H NMR spectra (CDCl3, TMS) of PS plastic foam, electrolyte (HClO4) before and after reaction.
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Fig. S16. GC-MS spectra of the electrolyte, captured at (a) 1, (b) 2 and (c) 3 hours under illumination. Signals attributed to impurities present in the fresh electrolyte were systematically excluded from all spectra to ensure clarity and focus on the compounds of interest generated or altered due to the PEC oxidation process.
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Fig. S17. Proposed mechanism for the photodegradation of PS mediated through the action of photogenerated holes and hydroxyl radicals. This schematic representation elucidates the sequential steps initiated by the absorption of photons by the photoanode, leading to the generation of charge carriers. The photogenerated holes directly participate in the oxidation of PS, while hydroxyl radicals further contribute to the breakdown of the PS polymer chain.
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Fig. S18. PEC Transient-CA curves of WO3/FTO.
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Fig. S19.  Recycling stability of the WO3 photoanode. After each test, the electrode was cleaned with chloroform and freshly deposited with PS.

















Table S1. Raman peaks of PS in WO3-PS photoanode.
	PS bands cm-1
	assignments

	621.6
	Ring deformation mode

	1001.0
	Ring breathing

	1031.3
	In-plane CH deformation

	1153.5
	C-C stretch

	1445.0
	CH2 scissoring

	1581.8
	C=C stretch

	1601.4
	Ring-skeletal stretches

	2846.3
	Ring stretch

	2901.7
	Anti-symmetric CH2 stretch

	3050.1
	Aromatic CH stretch












Table S2. IR peaks of PS in WO3-PS photoanode.
	PS bands cm-1
	assignments

	930
	C-H vibrational bending out-of-plane of the benzene ring 

	1026
	C-O bond

	1450-1600
	C=C bond stretching vibration of the benzene ring 

	2850
	Symmetrical stretching vibration of CH2 bonds

	2920
	Asymmetrical stretching vibration of CH2 bonds

	3000-3100
	=C-H stretching of the aromatic ring


















Table S3. EIS fitted equivalent circuit model and determined fitted values of circuit components of WO3, WO3-PS and WO3-PS-A.
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