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Application of Ionic Liquids in Perovskite Solar Cells
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Abstract: Perovskite solar cells (PSCs) have been developed at a rapid rate. In just over a decade, the photoelectric conversion

efficiency (PCE) of PSCs is comparable with that of crystalline silicon solar cells that are developed over 60 years. The two

major research topics of PSCs are the improvements of both PCE and stability. Ionic liquids (ILs) have the characteristics of

low saturated vapor pressure, high ionic conductivity and low toxicity, which could find applications in the preparation of

high-performance PSCs. The application and mechanism of ILs in PSCs as additive or solvent of perovskite materials and as

charge transfer layer or modification layer will be reviewed, while the development trend of ILs in PSCs is prospected.
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Fig. 1 Representative cations and anions as ILs in PSCs
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Fig. 2 Schematic diagram of the crystal
structure of perovskite
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Fig. 3 Different structures and working principle of PSCs: (a) formal structure, (b) trans structures and (c¢) working principle
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4 (a) MAPbI;NPs, (b) CsSFAMA, (c) MAPbI3NPs /CsFAMA # &/ SEM [E; (d) MAPbI; NPs,(e) CsSFAMA,

(f) MAPbI; NPs/CsFAMA HRERIFL1Z 5> B 77 B
Fig. 4 SEM images and grain size distribution profiles of different samples °*): (a, d) MAPbI; NP, (b, e)
CsFAMA and (c, f) MAPDbI; NPs/CsFAMA films
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Tab. 1 Photovoltaic parameters of preparing PSCs with ILs as additive

PCE

Type Perovskite Device structure (%) Stability Year "
0

(FAo5sMAg 17)055CS0.05- 80% of initial PCE after

[BMIM]BF, 083 % £30.17)0.95%50.05 FTO/NiO/PVK/PCBM/Cr/Au 19.80 1800 h at 70 to 75 °C under 2019 ¥
Pb(lp.9Bro. )5 continuous sunlight
ITO/TiO,/PVK 98% of initial PCE after [49]
[APMIM]PFs  C,H,¢N;PbI;PF CuSeCN/Au 17.30 40 days at 57% RH 2019
AMICI FAPbI, FTO/TiO»/PVK/spiro-OMeTAD/Au  20.70 872/‘4’1 %gly‘;‘gfzggERﬁter 2022 150
0

83% of initial PCE after

MFIM-2 FAPbI; ITO/SnO»/PVK/spiro-OMeTAD/Ag 19.40 35 days in an atmosphere 2021 "]
with 25% RH

BAAc FASnL, FTO/PEDOT: PSS/PVK/Cyy/ 10.40 96% of initia PCE after 1000 h (52

MAPbI; NPs/

bathocuproine/Ag

in a N,-filled glovebox

80% of initial PCE after

- 1 110- [53]
[HMIM]CI Csolosétl:(l?ovgﬁ\onj”)ngS FTO/TiO,/PVK/spiro-OMeTAD/Au 19.40 €000 h at ambiont 2021
0.83D10.17)3
[EMIM]PFs (FAPbl3)os(MAPbBr3),;3;  FTO/PVK/spiro-OMeTAD/Au  16.20 N/A 2021 U7
ITO/PEDOT: 80% of initial PCE after 150 h

MPIB MAPDB(I,«Cly);

PSS/PVK/PC¢;BM/BCP/Ag

[78]
18.20 in the glove box 2020
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B 5 (a)ld ss-IL ¥EH ETM B9 PSCs £5#4; (b) PSCs HIBEZRE; (c) PSCs Bl J-V gk
Fig. 5 (a) Structure of the flexible PSCs with ss-IL as the ETM, (b) Energy-level diagrams of the PSCs,
(c) J-V curves of the PSCs [
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Fig. 6 Surface and cross-sectional SEM images of the perovskite films on different substrates

[86].

(a, d) FTO/TiO,/perovskite, (b, ) FTO/IL/perovskite and (c, f) FTO/Ti0,/IL/perovskite
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BRI EAVE T 8 4E 700 h JGHARR 5 T 80%
IR
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Fig. 7 Schematic representation of the perovskite/ETL
interface in the presence of PIL 81 (a) MA vacancies in the

surface of the perovskite, (b) TFSI-passivate regions
and (c) PIL modified layer
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Fig. 8 Cross-sectional SEM image of the PSCs with
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Zhu ZPUB] A TLs1,3- 7 B e-3-BRme - i
fREL ([IDMIM]PFq)ElifL E5 k0 T, i E5Ek0 )2
5 HTL Z R REH T MICHL, REHF 2 0.55 eV
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#EA HTL. [DMIM] i it 545455 % 1 19 Pb> 45
&, BRI Po AR Po-1 By fibkiG, B
Il TAERR S 2 A, 155 PCE S 23.25%M HL it o

K2 ILsEATRRINEEEHI & PSCs IR S H

Tab. 2 Photovoltaic parameters of the PSCs prepared with ionic liquid as different functional layers

PCE

Type Function Perovskite Device structure 1% Stability Year Re*
0
PET/ITO/ss-IL/PVK/ (79]
[BzMIM]CI ETL (FAPbI3)g 5s(MAPbBr3)g 15 spiro-OMeTAD/Au 16.10 N/A 2016
modifier for FTO/TiO,/ILs/PVK/ 1861
[EMIM]PF ETL MAPbDI; spiro-OMeTAD/Au 19.60 N/A 2016
modifier for FTO/SnO,/ILs/
[BMIM]BE, ETL FA53MAq17Pb(Iy53Br 13);  PVK/spiro-OMeTAD/ 20.80 N/A 2019 88
Au
. 80% of initia PCE
[PermTEsT Modifierfor Csoos(FAysMAg 17)oos- ITO/SNO/PVK/HTMI ) 4 opier 700 b in a No-filled 2021 &)
ETL Pb(Io_g3Br0_17)3 Au
glovebox
. . . 89% of initial PCE after
[DMIM]pF, Mmodifier for FA0 9:Cs0.05Pbl; FTO/TIO,/ILS/PVRISPL o3 56 4801 in an atmosphere 2021 P11
PVK ro-OMeTAD/Au ;
with 45% RH
modifier for FTO/PEDOT: 89% of initial PCE after
[PEVIM]CI e CsPbl,Br PSS/PVK/ILs/Spiro-O 14.20 960 h in an atmosphere 2021 %!

PVK

MeTAD/Au with 50% RH
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