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Abstract
The demand for sustainable and e cient energy systems has driven signiýcant advancements in the design and 

development of functional materials for energy storage and conversion devices. Materials such as lithium-ion batteries, 
supercapacitors, fuel cells, and thermoelectric devices have become central to renewable energy technologies. To 
enhance the performance of these devices, researchers focus on designing materials with improved energy density, 
conductivity, stability, and cycle life. This paper discusses the latest developments in materials tailored for energy 
storage and conversion applications, including novel electrode materials, electrolytes, and catalysts. Functional 
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liquid electrolytes and increasing the overall stability of the batteries. 
In supercapacitors, the use of carbon-based nanomaterials, including 
graphene and carbon nanotubes, has enhanced conductivity and energy 
storage capabilities. Hybrid supercapacitors that combine carbon 
materials with pseudocapacitive materials, such as metal oxides, have 
further increased energy density without sacrificing power density. 
Fuel cells have seen advancements with the development of more 
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