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Table S1. Elemental stoichiometry of the perovskite films obtained by XPS.

The XPS intensities are compensated by relative atomic sensitivity factors (RASFs) which are obtained by MAI and PbX,.

(RASF of Pb 4f 8.329, C 15 0.296, N 15 0.447, | 3ds/, 7.000, Cl 2p 0.705, and Br 3d 1.080)
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0.10

0.13

0.57

0.18

-0.50

Pbl, : MAI
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0.11 0.10
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PbCl, : MAI
1:2 1:3
0.13 0.10
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0.20 0.22
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<0.01 (less than 1%)
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PbBr, : MAI

1:2 1:3
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Fig. S1 XRD spectra for ITO, MAI, MAPb(l,,Cl,); formed under PbCl, rich condition, PbCl,, PbBr,, and Pbl, films,
respectively. Diffraction patterns assigned by #: Pbl,, +: MAI, >: PbBr,.
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Fig. S2 UV-Vis absorption spectra of (a) MAPbI3, (b) MAPb(l;.,Cl,)s, and (c) MAPb(l,,Br,);. From the bottom of each figure,
precursor deposition ratio is varied from 1:1 to 1:4, respectively. Vertical bars indicate the absorption onsets and their
corresponding values are optical bandgap (eV) of those materials: bandgap (eV) = 1240/cut-off wavelength (nm).



PbCI2
IP (eV)
. PbBr2 7.80
2 A
'c
=
e
B
=
D 6.92
% A
= PbI2
- 6.95
N
MAI | 6.12
II|IIIIIIIII|IIII|IIII|IIII‘|IIII|IIII|
-10 -8 -6 -4

Binding energy [eV]

Fig. S3 UPS valence band spectra for pristine MAI, Pbl,, PbBr,, and PbCl, from the bottom of the figure, respectively.
Vertical bars indicate ionization potentials (IPs) of those materials.
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Fig. S4 Pb 4f core level spectra of lead halide precursors used for the perovskite formation. Each Pb 4f;, binding energy is
noted.
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Fig. S5 XPS core level spectra for MAPb(l,.,Cl,); deposited under PbCl, rich condition (4:1, and 2:1), PbCl,, and MAI films.
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Fig. S6 AFM images of precursor-only films. (a) MAI, (b) PbCl,, and (c) PbBr,. Yellow bar indicates 1 um.



