Covalent Triazine Reducing the Defects by Coordination Roles and Inhibiting I~

Migration by Anion-nt Interaction for Efficient Perovskite Solar Cell

Wenjing Hou ® ¥, Mengna Guo ?, Tian Sun °, Yaoming Xiao ¢, Huan Bi ¢, Yuxi Xu % *,
Gaoyi Han® "

2 Institute of Molecular Science, Key Laboratory of Chemical Biology and Molecular
Engineering of Education Ministry, Key Laboratory of Materials for Energy
Conversion and Storage of Shanxi Province, Shanxi University, Taiyuan 030006, China
b School of Engineering, Westlake University, Hangzhou 310024, China

¢ College of Chemical Engineering and Materials Science, Quanzhou Normal
University, Quanzhou 362000, China

d Faculty of Informatics and Engineering, The University of Electro-Communications,

Tokyo 182-8585, Japan

* Corresponding author.
E-mail addresses: houwenjing@sxu.edu.cn (W. Hou), han_gaoyis@sxu.edu.cn (G.

Han), xuyuxi@westlake.edu.cn (Y. Xu), hbi.trans.sci@gmail.com (H. Bi)



HGP4O13

OH
@c
N

Fig. S1. Synthesis of crystalline CTFs.

Fig. S2. (a and b) TEM image of CTFs. (¢ and d) TEM mapping of C and N elements
in CTFs.



2.0nm

00 05 10 15_20, 25

Distance,

Fig. S3. The AFM images of exfoliated nanosheets from the layered bulk CTFs.
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Fig. S4. (a) N> adsorption (closed circles) and desorption (open circles) isotherms (77

K) of CTFs; (b) Pore size distribution curves of CTFs.
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Fig. SS. The Tauc plot of the perovskite films.
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Fig. S6. The optimized configuration of CTF+perovskite, in which the perovskite with
different terminal surface: (a) perfect Pb-I surface, (b) Pb-I surface containing Vi, (c)

perfect FA-I surface and (d) FA-I surface containing V7.
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Fig. S7. Common interpretation of coloring method of mapped function sign(A2)p in

IGMH maps.



Fig. S8. The SEM images of perovskite films with different concentration of CTFs
modification (a) 0.00 mg/mL, (b) 0.17 mg/mL, (c) 0.20 mg/mL, and (d) 0.23 mg/mL.
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Fig. S9. Grain size analysis of perovskite films with different concentration of CTFs

modification (a) 0.00 mg/mL, (b) 0.17 mg/mL, (c) 0.20 mg/mL and (d) 0.23 mg/mL.
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Fig. S10. PL spectra of the perovskite films modified with different concentrations of

CTFs.
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Fig. S11. J-V curves of devices modified with different concentrations of CTFs.
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Fig. S12. Box charts of (a) PCE, (b) Jsc, (c) Voc and (d) FF of the PSCs.
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Fig. S13 Box charts of (a) PCE, (b) Jsc, (¢) Voc and (d) FF of PSCs with different

modification.
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Fig. S14. Statistical histogram of PCEs of corresponding devices.
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Fig. S15. Steady-state current density and PCE of the PSCs for 600 s measured at the

maximum power point.
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Fig. S16. UV—vis absorption spectra of perovskite films illuminated under simulated

solar light (AM1.5G, 100 mW cm?) for 180 min.
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Fig. S17 Thermal stability of the unpackaged devices by heating them at 605 °C in
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Fig. S18. Stability tracking of unpackaged devices stored in moisture-proof boxes (1-
29%RH).
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Fig. S19. Stability tracking of unpackaged devices stored in air (30£5%RH).
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Fig. S20.Time-dependent stability measurements under continuous light illumination.,
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Fig. S21. PCE Evolution of PSCs under MPP tracking and continuous illumination.
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Fig. S22. Stability of the device in an atmosphere filled with oxygen.
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Fig. S23. XRD patterns of (a) control perovskite film and (b) target perovskite film
aging in air condition with the humidity of 60+5% RH.
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Fig. S24. Diffraction peaks intensity ratio of Pbl> and (110) plane of perovskite.
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Fig. S25. Determination of lead concentration in damaged devices by inductively

coupled plasma mass spectrometry (ICP-MS) after dripping test.



Table S1. TRPL data of perovskite films.

Sample T1/(ns) A1/(%) T2/(ns) A2/(%) Tave/(NS)
Control 19.32 0.805 4471 0.195 28.44
Target 21.33 0.632 55.99 0.368 42.28
Table S2. Energy level parameters of materials used in the device.

Ecut-oft EE, edge Evs Eg Ecs
Sample

(eV) (eV) (eV) (eV) (eV)
Control 16.84 1.08 -5.44 1.53 -3.91
Target 16.98 1.18 -5.40 1.53 -3.87
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Table S3. Photovoltaic performances parameters of the devices measured in reverse

and forward scan under AM 1.5 G 1 sun illumination of 100 mW/cm?.

. JIse Voc FF PCE
Device Scan (mA/em?) V) %) %) HI

Forward 24.84 1.09 78.52 21.26

Control 0.034
Reverse 24.43 1.09 77.11 20.53
Forward 25.21 1.12 81.62 23.05

Target 0.024
Reverse 25.16 1.12 79.81 22.49

Table S4. Summary of the photovoltaic parameters of the PSCs with different

concentrations of CTFs additive.

CTFs Jse Voo FF PCE
(mg/mL) (mA/cm?) V) (%0) (%)
0.00 24.84 1.09 78.52 21.26
0.17 24.96 1.12 79.26 22.16
0.20 25.21 1.12 81.62 23.05

0.23 25.13 1.12 79.30 22.32

21



Table S5. Averaged performances parameters of the 20 devices.

Device Jsc Voc FF PCE
(mA/cm?) V) (%) (%)

Control 24.624+0.59 1.09+0.04 75.461+3 .46 20.66+1.22

Target 24.98+0.45 1.11+0.03 78.81+3.07 22.20+1.20
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