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 ABSTRACT 

          Driven by the demand for high-performance materials in clean energy technology, this research 

focuses on the synthesis and characterization of Tin dioxide/GQDs hybrid nanomaterials via a cost-effective 

and eco-friendly two-step electrochemical process. The synthesis was performed in an electrolyte solution 

with a fixed Potassium Chloride concentration of 0.06 M, while varying Sodium Citrate 

Dihydrate concentrations 0.01, 0.02, 0.03, and 0.04 M. A Tin Electrode was utilized in the first step to 

establish the Tin dioxide QD base, followed by a Graphene Electrode in the second step to form 

a heterostructure interface with Graphene Quantum Dots (GQDs). 

Optical analysis revealed that the synthesized quantum dots exhibited an optical bandgap (Eg) ranging from 

4.34 to 4.46 eV, indicating a significant blue-shift due to the quantum confinement effect in particles 

approximately 4 nm in size. Photoluminescence (PL) studies demonstrated significant PL quenching in the 

hybrid structure at 326 and 374 nm, confirming efficient charge transfer via a Type-II 
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heterojunction interface. 

Furthermore, Dynamic Light Scattering (DLS) analysis indicated that sodium citrate concentration and pH 

levels directly influence the hydrodynamic size and stability of the particles. This study proves that Tin 

dioxide/GQDs hybrids possess high potential as an efficient electron transport layer (ETL) to enhance the 

performance and stability of perovskite solar cells (PSCs). 
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