ENHANCED PHOTOELECTROCHROMIC PERFORMANCE OF WO3 THROUGH MOS2 MoS2 AND GO-MOS2 MoS2 QUANTUM DOT DOPING FOR SELF-POWERED SMART WINDOW APPLICATION
Summary
Self-powered photoelectrochromic devices (PECDs) are promising smart glazing technologies, but WO3 often suffers from limited charge transport and slow switching. WO3 films were doped with MoS2 quantum dots (QDs) and graphene oxide–MoS2 (GO–MoS2) QDs and integrated into a glass/WO3/TiO2–-5-methylsalicylic acid/electrolyte/glass PECD. Doping refines WO3 microstructure (crystallite size: 26.5 nm to 22.4 nm and 14.3 nm) and boosts optical modulation under 1 sun illumination: coloration depth rises from 36.81% (pristine) to 41.3% (MoS2 QDs) and 51.79% (GO–MoS2 QDs) at 550 nm, reaching 70.28% at 630 nm. GO–MoS2 QDs also improves durability, retaining about 90% optical contrast after 500 cycles.
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Field of application for the findings: building-integrated smart windows for daylight control and energy-saving glazing.
Addressed audience: researchers and engineers in solar energy materials, electrochromic/smart glazing, and building energy systems.
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[bookmark: _GoBack]1. Introduction
Photoelectrochromism enables reversible light modulation without external bias by coupling a photoactive layer with an electrochromic layer. WO3 is widely used due to its high optical contrast and stability; however, slow kinetics and limited electronic/ionic transport remain barriers for rapid and durable operation. MoS2 QDs can provide active sites and efficient charge-transfer pathways, while graphene-derived components can further increase conductivity and interfacial contact. This work evaluates MoS2 QDs and GO–MoS2 QDs as low-loading dopants in WO3 to enhance PECD performance in a TCO-free, wiring-free architecture suitable for scalable smart windows.
2. Materials and methods
MoS2 QDs and GO–MoS2 QDs were synthesized by mild H2O2-assisted exfoliation of MoS2 (with/without graphene oxide) in an NMP/H2O2 solvent mixture, followed by repeated centrifugation to collect the colloidal supernatant. Dopants were added into a commercial WO3 sol to prepare composite precursors. Films were deposited on soda-lime glass by spin coating (5000 rpm, 30 s) with intermediate drying (135 °C, 2 min), followed by TiO2 deposition and annealing (400 °C, 1 h). Devices were assembled as glass/WO3/TiO2–-5-MSA/electrolyte/glass using a Surlyn spacer and a Li-salt electrolyte with the TMTU/TMFDS2+ redox couple. XRD, SEM, TEM/SAED, EDS mapping, and XPS were used for characterization; optical transmittance was measured under 1 sun (AM 1.5) for coloration and in the dark for bleaching.
3. Results and discussion
3.1. Structural and morphological characterization
XRD indicates that QD doping decreases WO3 crystallite size: 26.5 nm (WO3), 22.4 nm (MoS2 QDs–WO3), and 14.3 nm (GO–MoS2 QDs–WO3). SEM reveals reduced grain size and a thinner electrochromic layer (724.3 nm to 578.8 nm and 588.7 nm). TEM confirms hybridization with lattice fringes of WO3 (0.36 nm, 0.43 nm), MoS2 (0.63 nm), and graphene (0.34 nm), while EDS mapping shows uniform W, O, Mo and S distributions. XPS detects W6+/W5+ states associated with electrochromic coloration and Mo/S signals consistent with Mo–S bonding.
3.2. Photoelectrochromic performance
All devices exhibit high initial transparency (>79% in the visible region) enabled by soda-lime glass electrodes. Under 1 sun illumination, the PECDs rapidly color to deep blue, reaching near-saturation within ~4 min (10 min standardized exposure). At 550 nm, coloration depth improves from 36.81% (WO3) to 41.3% (MoS2 QDs–-WO3) and 51.79% (GO–-MoS2 QDs–-WO3); at 630 nm, GO–-MoS2 QDs–-WO3 reaches 70.28%. Bleaching in the dark yields >93% transmittance recovery within 7 h for QD-doped devices. Half-recovery time decreases from 180 min (WO3) to 50 min (MoS2 QDs–-WO3) and 72 min (GO–-MoS2 QDs–-WO3). Cycling tests (500 cycles) show improved durability for GO–-MoS2 QDs–-WO3, retaining about 90% of optical contrast.
Tab. 1: Summary of photoelectrochromic performance (1 sun coloration, dark bleaching).
	WO3 layer
	Coloration depth (%) at 550 nm/630 nm
	Half-recovery t1/2 (min)
	Retention after 500 cycles (%)

	Pristine WO3
	36.81 / -
	180
	n/a

	MoS2 QDs–-WO3
	41.3 / -
	50
	67

	GO–-MoS2 QDs–-WO3
	51.879 / 70.28
	72
	90


4. Conclusions
MoS2 QDs and GO–-MoS2 QDs doping enhances WO3-based self-powered PECDs by refining microstructure and improving charge transport. GO–-MoS2 QDs delivers the highest modulation (51.79% at 550 nm; 70.28% at 630 nm) and strong durability (~90% retention after 500 cycles), supporting scalable, TCO-free smart window systems.
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