Supporting Information

Mobile Media Promotes Orientation of 2D/3D Hybrid Lead Halide

Perovskite for Efficient Solar Cells

Ning Zhow?, Yu Zhang®, Zijian Huang?, Zhenyu Guo®, Cheng Zhu®, Jingying He®, Qi Chen®, Wentao Sun®,
Huanping Zhou*?

a. Beijing Key Laboratory for Theory and Technology of Advanced Battery Materials, Key Laboratory of
Polymer Chemistry and Physics of Ministry of Education, BIC-ESAT, School of Materials Science and
Engineering, Peking University, Beijing 100871, P. R. China

b. School of Materials Science and Engineering, Beijing Institute of Technology, Beijing 100081, P. R.
China

c. Key Laboratory for the Physics and Chemistry of Nano devices, Department of Electronics, Peking
University, Beijing 100871, P. R. China

E-mail: happy zhou@pku.edu.cn

——BA,Pbl,
——TBA,PbI,

XRD Intensity (a.u.)

10 15 20 25 30 35 40 45 50
2 theta (degree)
Figure S1. The XRD spectra of BA;Pbl,; and TBA,Pbl,.
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Figure S2. XRD patterns of BA;MA;Pbyl;3 and TBA;MA;Pb,l;5 films based on hot-casting method.
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Figure S3. XRD patterns of the films without or with different volatile salts based on (TBA),(MA);Pb,l;3
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perovskite films.

Table S1. The FWHM and integral peak area derived from the XRD results.

W/0O VM NH,4Cl1 NH,4SCN MASCN MACI
FWHM of 0.299 0.104 0.091 0.088 0.078
(11 p
Peak area of 725 2108 2552 6822 18234
(111)
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Figure S4. Integrated intensity plots azimuthally along the ring at gy, = —1 to 1 A~

Figure S5. (a) SEM images of the 2D/3D hybrid perovskite films without volatile salts; (b)-(e) SEM
images of the 2D/3D hybrid perovskite films with the assistance of NH4CI, NH4SCN, MASCN, MACI,

respectively.



Figure S6. (a)The cross-sectional SEM images of the 2D/3D hybrid perovskite films without volatile salts;
(b)-(e) SEM images of the 2D/3D hybrid perovskite films with the assistance of NH4Cl, NH4SCN,
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Figure S7. The steady-state PL spectra of the TBA;MAyPb,ol5; perovskite films with different volatile

MASCN, MACI, respectively.

—ao— WO VM
—— NH,CI
——NH,SCN
—o— MASCN
== MACI {4
——W/O VM&TBAI

650 700 750 800
Wavelength (nm)

salts.




s a) 3 b) 3 ¢)
8 10] —wovmrorwaralarge nphase| s I —nu.ciForwaralarge nphase 1 & 7 NH,SCN-Forwardlarge n phase
2 ——WIO VM-Back 2 —— NH,Cl-Back 2 ——NH,SCN-Back
2 os £ o8 2 o0s
2 2 2
E E E
- 06 06 = 06
o o o
B Low n phas B Low n phas B
g o4 p g o4 & %44 0w n pha
© ® ©
g 0.2 E 0.2 E 0.2
2 2 2
0.0 0.0 0.0
600 650 700 750 800 850 600 650 700 750 800 850 600 650 700 750 800 850
Wavelength (nm) Wavelength (nm) Wavelength (nm)
3d) 3 e)
& 10] —masenrorwardlargenphase | s 1 ——maciForwara 1arge n phase
- ——MASCN-Back - —— MACI-Back
= =
2 o3 2 o8
2 2
£ £
S 061 = 064
o o
T 04 T 04
= Low n phase = Low n phase
g 02 g 0.2
£ £
S ]
Z o0 Z 0.0
600 650 700 750 800 850 600 650 700 750 800 850
Wavelength (nm) Wavelength (nm)

Figure S8. (a) The front and back PL of the 2D/3D hybrid perovskite films (ITO/perovskite) without
volatile salts; (b)-(e) The front and back PL of the 2D/3D hybrid perovskite films with the assistance of
NH,4CI, NH4SCN, MASCN, MACI, respectively.
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Figure S9. In situ PL measurement for TBA;MAgPb (5, film formation process with MACI by detecting

the emission peak at 550 nm.
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Figure S10. TGA curves for NH4CI, NH4SCN, MASCN, MACI, respectively in nitrogen atmosphere.
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Figure S11. The NMR spectra of (a) TBA;MAyPb,ol3; without volatile salte; (b) TBA;MAgPb(l5; with
MASCN; (c) TBA;MAGPDbol5; with MACI; (d) The chemical shift of the H from the different organic

cations. The samples were scraped from the formed films.



The chemical shift located at 0 ppm. ~2.51 ppm. ~3.32 ppm represented Si(CHj)4, dimethyl sulfoxide-

d6, H,0, respectively. The chemical shift of H bonding with C in CH;NH;" located at 2.38 ppm, and the

chemical shift of H bonding with C in C(CH3);NH;* located at 1.24 ppm, where the chemical shift of H
bonding with N in both CH;NH;* and C(CH;);NH;3* located at 7.5 ppm.
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Figure S12. The J-V curves of TBA;MAyPb I3, with or without volatile salts based perovskite solar cells

by adopting invert device structure.
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Figure S13. (a) Voc; (b) Jsc; (c) FF; (d) PCE statistic distribution of 2D/3D hybrid perovskite based solar
cells without volatile salts and with the assistance of NH4Cl, NH;SCN, MASCN, MACI, respectively.
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Figure S14. TOF-SIMS depth-profiles of film with FACI.
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Figure S15. (a) Voc; (b) Jsc; (c) FF; (d) PCE statistic distribution of 2D/3D hybrid perovskite based solar
cells with the assistance of FACI1 0.25, FACI0.50, FACI 0.75, respectively.



Figure S16. (a)-(c) SEM images of the 2D/3D hybrid perovskite films with the assistance of FACI0.25,
FACI50, FACI0.75, respectively.
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Figure S17. The steady-state PCE of the TBA,;MAgPbol3; (17.2% at a voltage of 0.89V) based perovskite

solar cells.

90 2235
— D

80 F208
Q

. -18 =

70 16 &

] [ 'Y o
AGO- 14 5
= 50 F12 3
& 407 g
o (8 3
30 | e B
=

20 ] 4 %
101 ——(TBA)2(FAMA)gPb1gl31} |2 >

i Lo 8

0 2

300 400 500 600 700 800
Wavelength (nm)

Figure S18. The EQE spectra of TBA,(FAMA)yPbl3; based perovskite solar cells.
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Figure S19. Histograms of PCE for TBA;MA oPbyl¢; based solar cells,

composed of 23 separate devices.
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NIM Certificate No.: GXtc2019-1443 1 NIM Certificate No.; GXtc2019-1442
Client: Peking University Client: Peking University
DUT SIN: 111-1-M2-R-02 ¥ DUT /N 111-1-M2-F-02
Date of Test: 153112019 Date of Test: 05312019
Manufacturer: Peking University B Manufacturer: Peking University
Type: Perovskite Solar Cell Type: Perovskite Solar Cell
Temperature Sensor/Conirol System: None ¥ ‘Temperature Sensor/Control System: None
. Maski An aperture area of 9408 i’ (Certificate No.: CDIc2019-0407) Mask: An aperture area of 9.408 mm’ (Certificate No.: CDje2019-0407)
atthe ion; (23.841) T, RH (25.8:2) % ] Environmental conditions at the time of calibration: (23.841) T, RH (25.842) %
¥
The calibration has been conducted by the PV Metrology Lab of NIM (National ] The calibration has been conducted by the PY Metrology Lab of NIM (National
¥ Institute of Metrology, China). Measurement of irmadiance intensity and all other Institute of Metrology, Ching). Measurement of imadiance intensity and all other
measurements are traceable 1o the Intemational System of Units (S1). The performance E measurements are traceable to the Intemational System of Units (SI). The performance
] ‘parameters reported in this certificatc apply only at the time of the test for the sample. parameters reparted in this certficate apply only at the time of the test for the sample.
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9408 2224 | 108 1812 B 9.408 2233 1.008 1715
¥ oA Vaul¥) FF ) 7oty I feu(mA) ) FF (%) 00)
] 2.036 0890 793 193 M 1.994 0.860 762 182
N I-V Characterization Methods: 1-V Characterization Methods:
Refer to IEC60904-1 2017; My " ¥ Refer 1o [EC60904-1 2017: Ms of|
B Acwr:mg to JIF 1622-2017: Cnhbmron Specification of Solar Cells: Photoclectric N According o IF 1622:2017: Calibration Specification of Solar Cells: Phatoeletrc
Praperties Propertics
¥
Secondary Reference Cell: i Secondary Reference Cell:
Device SN: 81# Device S/N: 81#
Device Material: Mono-Si 5 Device Material: Mono-Si
Solar Simulator: 3 Solar Simulator:
Classification: AAA (Double-light source: Xeon and Halogen) Classification: AAA (Double-light source: Xcon and Halogen)
Total i of the above Secondary Reference Cell, L Total ireadiance: 1000 Wiim based op.ig; of the above Secnndary Reference Cell.
[}
]
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Figure S20. Certificated results by the National Institute of Metrology, China (NIM, China). The forward
scan is performed from —0.1 V to 1.2 V at 33 mV/s, with a PCE of 18.2% (Voc =1.008 V, Isc=2.233 mA,

FF=76.2%). The reverse scan is performed from 1.2 V to —0.1 V at 33 mV/s, with a PCE of 19.3%
(Voc=1.028 V, Jsc=2.224 mA, FF=79.3%). The device has an active area of 0.09408 cm?,
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Figure S21. (a) XRD patterns of the (BA),(MA)oPb 3, perovskite films without and with MACI. (b)
(PEA),(MA)¢Pbl3; without and with MACI. (c) (NEA),(MA)yPb¢l5; without and with MACIL.
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