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Figure S1. Band structure and projected density of states (PDOS) for pristine MAPbI;
(a) and MAPDI; with a Pb vacancy (b). Schematic diagram of bonding and antibonding
orbitals of MAPDI; perovskite (¢). VBM and CBM are mainly formed from the Pb 6p
orbital and antibonding coupling of the Pb 6s and I 5p orbitals, respectively. Pb
vacancies do not generate mid-gap states within the bandgap; instead, they introduce

intra-band states (dashed line) within the valence band.
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Figure S2. The orbital-resolved crystal orbital Hamiltonian population (-pCOHP)
analysis of MAPbI; perovskite based on the OK structure. The negative, zero, and

positive values of -pCOHP correspond to the antibonding,
characters, respectively.
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Table S1. The Pb-I bond length (A) and Pb-I-Pb bond angle (degree) at 0K and
averaged from MD trajectories at 300K in pristine and defective systems.

Pb-I bond length  Pb-I-Pb angle = Pb-I bond length  Pb-I-Pb angle

(0K) (0K) (300K) (300K)
Pristine 3.210 155.74 3.186 157.99
Pby 3.214 156.25 3.187 158.75

Table S2. The root-mean-square (RMS) displacement (A) of each atomic species in
pristine and defective MAPbI; obtained by averaging over 3 ps trajectories at 300 K.

C N H Pb I
Pristine 0.006902 0.0066 0.01545 0.002205 0.002777
Pby 0.006924 0.0069 0.01736 0.002200 0.002682

Table S3. Charge density distribution of CB states with excess energy AE. < 0.5 eV in
pristine MAPbI;.
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Table S4. Charge density distribution of VB states with excess energy AE; < 0.5 eV in
pristine MAPbDI;.
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Table S5. Charge density distribution of CB states with excess energy AE. < 0.5 eV in
the Pby system.
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Table S6. Charge density distribution of VB states with excess energy AE; < 0.5 eV in
the Pby system.
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Table S7. Excited state populations of hot electrons with AE. < 0.5 eV for pristine
MAPDI;.
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Table S8. Excited state populations of hot holes with AE, < 0.5 eV for pristine MAPbI;.
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Table S9. Excited state populations of hot electrons with AE. < 0.5 eV for MAPbI; with

Pby.
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Table S10. Excited state populations of hot holes with AE, < 0.5 eV for MAPbI; with

Pby.
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