Defect Passivation in Halide Perovskite Films by p-Methoxy Phenylacetonitrile for Improved Device Efficiency and Stability

Jianyao Tang,1 Shenghan Wu,1 Najla AlMasoud,2 Taghrid S. Alomar,2 Priyanka Wasnik,3 Handong Li, Zeinhom M. El-Bahy,5 Junna Ren,3,4 Xiaohui Li1, Putao Zhang1*, Shengjun Li1* and Qinglong Jiang3,*


1 Key Laboratory of Photovoltaic Materials, Henan University, Kaifeng, Henan, 475004, China  
2 Department of Chemistry, College of Science, Princess Nourah bint Abdulrahman University, P.O. Box 84428, Riyadh 11671, Saudi Arabia (Nsalmasoud@pnu.edu.sa) (Tsalomar@pnu.edu.sa)
3 Department of Chemistry and Physics, University of Arkansas, Pine Bluff, AR, 71601, USA
4 College of Materials Science and Engineering, Taiyuan University of Science and Technology, Taiyuan, 030024, China
5 Department of Chemistry, Faculty of Science, Al-Azhar University, Nasr City 11884, Cairo, Egypt (zeinelbahy@azhar.edu.eg)

*E-mail: putaozhang@henu.edu.cn; lishengjun@henu.edu.cn; jiangq@uapb.edu














Experimental Section
Materials: SnO2 colloid dispersion (Tin (IV) oxide, 15wt% in H2O colloidal dispersion), 4-tert-butyl pyridine (4-tBP, 98%) and ITO substrates were purchased from Advanced Election Technology Co., Ltd. Chlorobenzene (CB, 99.8%), dimethylformamide (DMF, 99.8%), isopropanol (IPA,99.99%), dimethyl sulfoxide (DMSO, 99.5%) and lithium bistrifluorosulfonyl imide (Li-TFSI, 99.95%), were purchased from Borun New Materials Technology Corp.. Lead bromine (PbBr2, 98%), Lead iodide (PbI2, 99.99%), Spiro-OMeTAD (99.5%), MABr, MAI, MACl and FAI were purchased from Xi’an Polymer Light Technology Corp. 
Device Fabrication: The ITO substrates were ultrasonic cleaned by using ultra-pure water, acetone, and IPA for 15 min each. After drying, treat with plasma for 15 min. The SnO2 electron transporting layer were prepared by spin-coating diluted SnO2 colloid (3wt% in H2O) on the ITO substrates, then annealed at 150 °C for 30 min. It is strongly recommend that the SnO2 ETL be prepared in a super-clean workbench. The cold ITO/SnO2 were treat with plasma for 15 min, then transferred into glove box for preparing perovskite, where a one-step anti-solvent method was adopted. The perovskite solution was prepared by dissolving PbI2 (642.9 mg), PbBr2 (26.5 mg), FAI (217.3 mg), MABr (7.4 mg), MACl (20 mg) in 1 mL of DMF/DMSO mixed solution (9.5:0.5 volume ratio). The perovskite layers were spin-coated at 1000 rpm for 10s, 4000 rpm for 30s. At the 20th second, 100 µL of CB drop on top of perovskite precursor film. The obtained brown transparent films were then heated on a hotplate at 150 ℃ for 45 min. The hole-transport layer (HTL) was coated on perovskite film by spin-coating Spiro-OMeTAD solution at 4000 rpm for 30 s (Mixing 72.3 mg Spiro-OMeTAD, 28.8 µL 4-tBP and 18.5 µL Li-TFSI solution (520 mg mL-1 in acetonitrile) in 1.0 mL CB). Finally, evaporated 120 nm of Ag was used as electrodes.
Measurements and Characterizations: The J-V characteristics were carried out with a Keithley 2400 source meter and a solar simulator (Oriel 94023 A, Newport, AM1.5). Light intensity be calibrated by a Newport standard Si solar cell. The J-V curves were tested from -0.2 to 1.2 V (forward) then back to -0.2 V (reverse) (active area is 0.0314 cm2). The EQE results were conducted on a 500ADX-EQE measurement system. UV-vis absorption spectra of perovskite films were characterized using a spectrophotometer (Meipuda UV-3200). Crystal phases of perovskite films were characterized by XRD (D8-Advance diffractometer with Cu-Kα radiation). The surface and the cross-sectional SEM image of samples were obtained by a FE-SEM (JSM-7001F, Japan). Fourier transform infrared spectroscopy (FTIR) spectra were carried out by commercial FTIR system (Bruker TENSOR27). The PL spectra were measured using a fiber optical spectrometer (green laser, 514 nm). The TRPL were measured using a high-resolution streak camera system. EIS were completed in a dark condition by a Zahner Zennium electrochemical workstation.
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Figure. S1 J-V curves of devices with different concentrations of pMP additives.
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Figure. S2 FTIR spectrum for pure pMP and PbI2-pMP samples.
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Figure. S3 Tauc plot of (a) control and (b) pMP films.
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Figure. S4 Cross-sectional SEM images of control and pMP devices.









































Table S1. Fitting parameters extracted from the PL decay traces.
	Samples 
	τ1 (ns)
	τ2 (ns)

	Control
	7.14 
	35.61 

	pMP
	 12.47
	55.76 














Table S2. The fitted EIS parameters of PSCs.
	Samples 
	Rs (Ω)
	Rrec (Ω)

	Control
	30.7 
	696.5 

	pMP
	24.7
	1274.4 
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