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Fig. 8. Photovoltaic performance of the devices with and without [EMIM][Ac]: (a) J-V curves of
the champion devices; (b)-(c) J~V curves under forward and reverse scans; (d) IPCE spectra and
the corresponding integrated Jsc; (€) Stabilized power output at the MPP; (f) PCE distribution of
17 individual cells
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Fig. 9. Stability of perovskite films and devices with and without [EMIM][Ac]: (a)-(b) Water
contact angle images of the perovskite films; (c)-(d) SEM images of the perovskite films after
aging for 65 days: (¢) Time-dependent PCE evolution of the unencapsulated devices stored in.
_ ()-(g) UV-vis absorption spectra of the perovskite films over

time; (h) Time-dependent PCE evolution of the encapsulated devices under continuous MPP

tracking in air atmosphere.at room temperature
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lonic Liquid—Assisted Crystallization Regulation
and Interface Modification for Enhancing
Photovoltaic Performance of All-Inorganic
Perovskite Solar Cells’

MENG Fan-Ning" ' SUN Zhi-Yan? ' WANG Gui-Qiang"

1) (College of Chemistry, Bohai University, Jinzhou 121003, China)
2) (Department of Petrochemical, Liaoning Petrochemical College, Jinzhou 121001, China)

Abstract

All-inorganic perovskites hold promise for tandem or semi-transparent photovoltaics.

However, they often suffer from poor crystallization gquality and high densities of bulk and

interfacial defects, severely limiting device performance. To address these issues, an ionic

liquid 1-ethyl-3-methylimidazolium acetate ([EMIM][Ac]) is incorporated into the

CsPbl; sBris perovskite precursor to modulate the crystallization rate, thus successfully

obtaining high-quality films. After perovskite crystallization, [EMIM][Ac] distributes across

its surface, bulk, and the buried TiO./perovskite interface. At the surface and in the bulk, it

passivates Pb*'-related and halogen defects: at the buried interface, it passivates oxygen

vacancies on TiO; and optimizes the energy-level alignment. Thus, [EMIM][Ac] serves as a

dual-functional agent for defect passivation and interface modification. Notably, charge

transport dynamics confirms that bulk defect passivation dominates the performance

enhancement, with interface optimization playing a subsidiary role. The resultant

carbon-based hole-transport-layer-free CsPbl; sBr;.s perovskite solar cell achieves a power

conversion efficiency of 13.38%. substantially higher than that of the control device (11.44%).
Moreover, [EMIM][Ac] incorporation significantly improves the device stability. After storage

in ambient air for 65 days, the unencapsulated device retains 95% of its initial efficiency; after

120 h of continuous maximum power point tracking under 100 mW/cm? illumination, the
encapsulated device maintains 93% of its initial efficiency, demonstrating superior stability

compared to the control device.

Keywords: Crystallization regulation, Interface modification, All-inorganic perovskite, lonic
liquids
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