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Figure 1 (Color online) Structures of some common cations and anions of ILs in the perovskite solar cell field
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Figure 2 (Color online) The application of MAAc as a solvent for perovskite precursors. (a) Picture of perovskite precursor solutions based on
different solvents; (b) dynamic light scattering (DLS) spectra show the micelles of MAAc-based perovskite precursor solutions?®?; (c) the Pb L3-edge of
MAACc was studied through XAFS spectra; (d) CsPbl,Br film crystallization kinetics; (¢) long-term operational stability of the unencapsulated CsPbl,Br
devices with MAAc and DMF:DMSO films*”); (f) the FTIR spectra of MAAc solvent and PbCO3@MAAc solution, respectively; (g) J-¥ curves of the

perovskite devices based on PbCO; and PbL,"%!
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Figure 3 (Color online) MAAc-prepared perovskite solar cells without an electron transport layer. (a) Device structure of the ETL-free perovskite
solar cell; (b) ITO/MAAc-perovskite heterojunction; (c) SEM top-view images of MAAc-ETL-free perovskite films; (d) J-V characteristics for the
DMEF- and MAAc-ETL-free PSCs; (e) the photostability of PSCs devices with different solvents in an inert environment™’!
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Figure 4 (Color online) Applications of ionic liquids in two-dimensional layered perovskites. (a) Schematic diagram of the crystal structure of 2DRP
perovskite based on MTEA and BA spacer molecules; (b) a comparison of X-ray photoelectron spectroscopy spectra (XPS) of the S(2p) of the MTEACI
and (MTEA),(MA),Pbsl;¢ films; (c) GIWAXS patterns for the (MTEA),(MA)4Pbsl;¢ perovskite films; (d) J-V curves for devices based on (MTEA),-
(MA)4Pbsl;s and (BA),(MA),Pbsl;s 2DRP perovskites[“]; (e) extended X-ray absorption fine structure spectrum based on BAAc perovskite precursor
solution; (f) particle size distribution diagrams of BAI and BAAc-based perovskite precursor solutions; (g) chirp-corrected photo-induced changes in
absorption (A4) spectra of the phase-pure QW films with varied average well width (n); (h) the stability of the device under continuous light
illuminationt”!
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Figure 5 (Color online) ILs for the fabrication of a-FAPbI; perovskite solar cells. (a) Schematic diagram of the chemical action of lead iodide in
MAFa and DMF@DMSO, respectively; (b) in situ GIWAXS spectra of Pbl, @MAFa films at corresponding annealing time; (¢) HRTEM and
corresponding Fourier transform of Pbl,@MAFa thin films top view and side view; (d) FAPbI; perovskite films prepared under different solvent
systems are characterized by XRD spectra; (e) storage stability in inert gas[5 31: (f) mechanism of the FAPbI; perovskite formation process; (g) J-V curve
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Figure 6 (Color online) ILs for the fabrication of fully screen-printed perovskite solar cells. (a) Diagram of the screen-printing method for the
deposition of perovskite thin films; (b) schematic of the thermal annealing deposition of wet perovskite thin films; (c) SEM images of the perovskite thin
films fabricated by screen-printing; (d) relationship between temperature and viscosity of MAAc, DMF and DMSO solvents; (¢) J-V curve of FAPbI;
PSCsP”; (f) schematic illustration of the growth process of the perovskite nanocrystals in the mesoporous layer based on MAAc/MAPa solvent systems;

(g) energy level diagrams of perovskite films prepared from precursor solutions in different solvents
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Figure 7 (Color online) The mechanisms by which ILs achieve high-efficiency and stable perovskite solar cells. (a) The EXAFS spectra observed on
the Pb L-III edge of the precursor solution prepared using MAAc; (b) perovskite precursor colloidal SAXS intensity; (c) fitting of the precursor colloidal
distribution in MAAcL®"; (d) the diagram of the mechanism of the perovskite crystal growth process in MAAc; (e) in-situ GIWAXS images of perovskite
based on MAAc; (f) 1D GIWAXS diffraction pattern of DMF thin films in the q’? direction for 40 frames (10 s per frame); (g) The perovskite film was
characterized by high-resolution transmission electron microscopy (HR-TEM)®
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Ionic liquids mediated perovskite photovoltaic cells
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Ionic liquids (ILs) are a class of salts that remain liquid at room temperature and possess unique physical and chemical
properties, making them highly promising for applications in perovskite solar cells (PSCs). ILs play a crucial role in
enhancing the performance and stability of PSCs. This review systematically summarizes the research progress in
fabricating PSCs using ILs as solvents. Initially, the application of ILs as solvents in PSCs is explored. By employing
MAAC as a solvent, high-quality perovskite films can be fabricated through a one-step method in ambient air without the
need for anti-solvent treatment. MA Ac, a multifunctional solvent, enables the fabrication of various types of perovskites,
including organic-inorganic hybrid, all-inorganic, tin-based, and two-dimensional layered perovskites. Notably, these
perovskites exhibit excellent photovoltaic performance and are entirely fabricated in air. Furthermore, strategies such as
interfacial modification, solvent engineering, and additive engineering are employed to further enhance the efficiency and
stability of PSCs. Subsequently, the review highlights research that achieves multifunctionality by altering the structure of
anions or cations. For instance, MAFa as an IL solvent successfully fabricates a-FAPbI; perovskites in humid air, and
BAACc constructs pure-phase two-dimensional layered perovskite structures. Additionally, ILs offer multiple advantages
through simplified fabrication processes, improved film quality, enhanced stability, adaptability to various fabrication
techniques, and multifunctionality, providing strong support for the large-scale manufacturing of perovskites. Finally, the
review reveals the roots of high efficiency and stability in IL-based PSCs. ILs function as solvents, additives, and
passivators, contributing to the high efficiency and long-term operational stability of PSCs. First, ILs exhibit high solubility
through interactions between hybrid anions and cations and the solute. Second, ILs effectively control the crystallization
kinetics of perovskites, resulting in high-quality films with high orientation and crystallinity. Third, residual ILs passivate
grain boundaries or surfaces through in-situ interactions with perovskites.

Although ILs have shown excellent performance in PSCs, their application in photovoltaics is still in its infancy. To
further explore the potential of ILs, future research directions for ILs in perovskite photovoltaics are proposed: Adjust the
properties and functions of ILs by altering anions or cations to control the perovskite fabrication process and achieve high-
performance PSCs; Design and synthesize ILs with reducing cations or anions for tin-based or tin-lead mixed PSCs,
avoiding additional reducing agents and addressing the degradation issue of tin-based perovskites; Design ILs with
conjugated structures in anions or cations for efficient charge transport in PSCs without electron transport layers; Utilize
the broad viscosity adjustment range of ILs to regulate the fluid dynamics of liquids for large-area module fabrication.

As perovskite photovoltaics move towards scaled production, ILs offer significant advantages, including simple one-step
film formation, adjustable viscosity, material savings, and designable structures. We are confident that with the synthesis
and application of more functional ILs, perovskite photovoltaic technology will usher in new development opportunities,
and IL-based PSCs will play a crucial role in this field.

perovskite solar cells, ionic liquids, stability, large-area fabrication
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