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Category QD for energy conversion QD for energy storage
Catalysis Solar cells Rechargeble batteries Supercapacitor

Metal oxides ZnO-WOs3 TiO2-Sn02 WOs;
Metal chalcogenides MoS; PbS MoS;-SnSe; CuS-CdS
Metal halides CsPbBr3 CsPbls CsPbBr3
Multinary oxides BiV.10-Bi,WOs
Nonmetal BP BP-RP g-CsNa
Others InP ZnCulnSe LDH FeOOH
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Method Material QD dimension Size Applications
Top-down Uhrasonication method B-C3My QDs-g-C3My/ShySs oD =10 nm Photocatalytic pollutant
method conversion
Solvothermal method MoSe; QDs oD =4 nm NjA
Solvothermal method gC3N, QD 2D Lateral size: =3.3 nm; Bicimaging
thickness: below 2 nm
Chemical etching MoO, (x=2,3) QDs oD =4.5 nm NjA
Thermal—chemical erching #-C3My QDs oD =6.7 nm Photocatalytic Hz
evolution
Lithium intercalation Mo5; QDs 2D Lateral size: =3 nm; NjA
thickness: =1 nm
Microwave irradiation Coy0y QDs/graphene oD 46 nm Li-ion battery
Microwave irradiation BP QDs oD Lateral size: 2.95 nm; Electrocatalytic OER
thickness: 3.59 nm
Electro-Fenton reaction MaoS; QDs 2D Lateral size: 5 nm; NjA
method thickness: 0.7 nm
Bottom-up Solvothermal method WOz QDs oD 4 nm Y
method Hydrothermal method MoS; QDs 2D Lateral size: =3.6 nm; Electrocatalytic Hy
thickness: =07 nm evolution
Chemical vapor deposition ZnO QDs oD =7 mm NjA
Chemical vapor deposition £C3MN,y QDsfTiO; nanotube arrays oD =24 nm Photoelectrocartalytic Hz
evolution
Precipitation method Mickel-hybrid Cds QDs oD =2.8 nm Photocaralytic H,
evolution
Ultrasonic method CoO QDsfgraphene nanosheet oD =5 nm Lithium-ion batteries
Ultrasonic method Sn0O; QDs/graphene nanosheets oD =4 B nm MyA
Solid-phase method g-CaMN, QDs 2D Lateral size: =4.3 mm; Fluorescent emission
thickness: 1.5-2.5 nm
Wetness impregnation MoS; QDs/g-CaM, oD =10 nm Photocatalytic Hy
method evolution
Sol-gel method ZnC QDs oD =40 nm NyA
Epitaxial growth BP QDs/Si substrates 2D Lateral size: =27.5 nm; NA
thickness: =3.1 nm
Epitaxial growth PbSe QDs/MoS; nanosheets oD 5.7 nm Y
Hot injection CsPbBr; QDs/Bi; WO nanosheets oD =7 nm Photocatalytic CO;
reduction
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Abstract

Semiconductor quantum dots have attracted much attention for energy conversion and storage due
to their unique properties such as quantum effect. Including properties such as size effect, multiple
exciton generation effect, large surface-to-volume ratio, high density of active sites, etc. However,
a comprehensive and systematic understanding of the energy conversion and storage mechanism
focused on QDs in specific applications is still lacking. In this study, a comprehensive introduction
is provided including a combination of these extraordinary zero-dimensional materials, e.g., metal
oxide, metal dichalcogenide, metal halides, multiple oxides and non-metallic QDs. The following
is a detailed review of the fabrication methods, rational design, and development of advanced QDs-
based materials for various applications in fields related to energy conversion and storage,
including solar cells, and finally, the challenges and perspectives of semiconductor QDs for energy
conversion and storage are discussed in detail.
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