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Abstract: The fabrication of high-performance perovskite solar cells (PSCs) , inherently relies on solvent-based process-
ing. However, conventional methods predominantly employ hazardous solvents, including N, N-dimethylformamide and chlo-
robenzene, which has severe ecological and biological toxicity, therefore undermines sustainable manufacturing pathways,
and represents a critical bottleneck for PSCs industrial-scale deployment. To address this challenge, the search for suitable
green solvents has gained attention in order to reduce environmental impact and occupational health risks, thereby achieving
environmentally friendly production. This review systematically organizes currently explored green solvents for perovskite pro-
cessing into four distinct groups based on their functions: green precursor solvents, green anti-solvents, auxiliary additives
and mixed solvent systems. Building on this classification, the characteristics and key merits of each category are systemati-
cally summarized, and their functions and performance in PSCs fabrication are evaluated. Then, this review further outlines
practical implementation approaches, such as solvent engineering, sequential deposition, and additive-assisted crystalliza-
tion. In the end, this review critically examines recent key challenges of perovskite green solvents, including limited solubil-
ity of precursors, poor film uniformity, scalability constraints, and long-term stability concerns, and proposes forward-loo-
king directions. This review aims to offer references to solvent selection for green fabrication of PSCs and provide ideas for
green solvents’ future development to support large-scale green fabrication of PSCs.
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Fig. 2 Microscopic images of the DMF/DMSO (a) , DMSO/ACN (b) and DMSO/ACN/EtOH (c¢) solvents prepared perovskite films and

top-view scanning electron microscope images of wide-bandgap perovskite films peeled off from indium tin oxide glass substrate
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Table 2 Statistical table of perovskite solar cells fabriated based on perovskite green solvents

Active Precursor Fabrication Champion
Device structure ) Anti-solvent Additive power conversion Ref.
area/cm solvent method -
efficiency/ %
FTO/TiO,/MAPbI,/
P;]BZM/Ag : 0.09 H,0 Toluene PO Spin-coating 24. 14 [14]
FTO/TiO,/FAPblL,/ . .
. 094 EtOH — DMAC/RNH;Cl - 25.1 47
Spiro-OMeTAD/ Au 0. 09 tO 3 Spin-coating 5 [47]
IT0/Cu: NiO,/MAPbL,/ 0.25 EtOH/ACN CB DMSO B i 19.56 16
PCyyBM/BCP/ Ag . t ar-coating . [16]
N d 0.21 GVL BA Spin-coati 25.00 25
MAPbI,/Spiro-OMeTAD/ Ag : ¢ - pin-coating : [25]
FTO/NiO,/PTAA/( FA MA, )- 0.09 DMF/DMSO EA/IPA Spi i 22.9 37
Ph(1,_,_.Br,Cl)/PTAA/Ag : - pin-coating : [37]
PEN/ITO/Sn0,/ ( MAPbL:) o o5~ 0.12 DMSO/DMF BA. Spin-coati 23.33 39
(FAPDIBr, ), g5/ Spiro-OMeTAD/Au - c - pin-coating : [39]
FTO/Ti MAPDBL
0/Ti0,/MAPbL,/ 0.08 DMF/DMSO EA KSCN Spin-coating 17. 12 [34]

CuPc/Au
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Active Precursor Fabrication Champion
Device structure ) ) Anti-solvent Additive power conversion  Ref.
area/cm solvent method .
efficiency/ %
1107500,/ FAPb,/ 0.075 DMF MAA Spin-coati 23.91 46
Spiro-OMeTAD/MoO,/Au : - ¢ pin-coating : [46]
ITO/Sn0O,/FAPbL;/ . .
0.1 GVL/DMSO EA MACI Spin-c 20.6 26
Spiro-OMeTAD/ Au pin-coating [26]
ITO/NiO, /(FA,_ MA, ) - DASO/ACN/
(Pb,_,_.I,Br,)3/Cq/ 20.25 FIOH — — Blade-coating 23.8 [5]
BCP/Cu (tandem cells)
ITO/Sn0O,/MAPbI,/
2 >3 0. 064 ACN/2-Me — MAAc Blade-coating 21.94 [49]

Spiro-OMeTAD/ Ag
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