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Recent Advances of Carbon Dots Applied in Dye-Sensitized Solar Cells

HOU Siyi?, YU Chang', DING Yiwang', LIU Yingbin', QIU Jieshan®
(1. State Key Lab of Fine Chemicals, Liaoning Key Lab for Energy Materials and Chemical Engineering, School of Chemical
Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China;
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Abstract: As one of carbon nanomaterials, carbon dots have attracted widespread attention due to their ultra-small size,
abundant surface functional groups, good chemical stability, and superior optoelectronic properties. In this review, the
structures, classifications, characteristics, and preparation methods of carbon dots were introduced. Recent research studies on
carbon dots as various components or additives in dye-sensitized solar cells were represented. The challenges of controllable
synthesis, structure-property relationship, and performance optimization of carbon dots were analyzed. In addition, the
development directions of large-scale controllable preparation for carbon dots and their application in dye-sensitized solar cells
were proposed.
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Table 1 Comparison for different preparation methods of CDs
Classification  Preparation method Advantages Disadvantages Reference
Top-down Arc discharge Better fluorescence performance Wide size distribution [4,25]
Laser ablation Controllable morphology and size Complicated operation [5,26]
Chemical oxidation Well hydrophilicity Wide size distribution [29-30]
Electrochemical oxidation Controllable sizes and Low fluorescence quantum yield [28,31]
optical properties
Bottom-up Thermal decomposition Wide precursor source; Simple operation Easy aggregation; Wide size [34]
distribution
Microwave Short reaction time; Simple operation Low fluorescence quantum yield [32,38]
Hydrothermal/solvothermal treatment Wide precursor source; High fluorescence Time-consuming [39-42]
quantum yield
Template Uniform size and specific nanostructure Complex operation [35-36]
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Fig. 2 Structural schematic illustration of dye-sensitized solar cells (DSSCs) and application of CDs in DSSCs
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Table 2 Performance for DSSCs made of CDs

Component Reference Materials JSC/(mA'cm’z) Voo/V PCE/%
Photoanode ~ [45] TiO, 7.92 0.765 3.25
CDs/TiO, 16.94 0.788 7.32

[46] ZnO 0.61 0.320 0.80

N-CDs/ZnO 2.34 0.670 5.92

[47] NiO/ZnO 1.18 0.570 3.41
NiO/N-CDs/ZnO 4.75 0.540 13.02

Dye [49] N719 17.30 0.721 8.09
molecules N-CQDs/N719 18.60 0.736  9.29
[50] N719 15.77 0.703  7.80
PEG-m-CQDs/N719 17.01 0.708 8.19

[51] N3 4.73 0.608 1.92

GQDs/N3 5.58 0.583 2.15

Electrolyte [52] PGE 4.52 0.795 2.83
CDs/ PGE 9.55 0.892  6.05

Counter [36] Pt 16.98 0.710 7.35
electrode CQDs/CS 16.87 0.720 8.42
[59] MoS,/rGO 7.80 0.740 3.92
N-GQD/MoS,/rGO 8.62 0.760  4.65

[61] PEDOT: PSS 12.82 0.668 5.14

GQDs/PEDOT: PSS 14.70 0.718 7.36

PEG—Polyethylene glycol; PGE —Polymer gel electrolyte; CS—Carbon
sphere; tGO—Reduced graphene oxide; CQDs—Carbon quantum dots;
Jse—Short-circuit current density; Vo.—Open-circuit voltage; PCE—

Photoelectric conversion efficiency.
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