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Figure S1. SEM images of perovskite films post-treated with the GAI of the concentrations of

(a) 0 mM, (b) 3 mM, (c) 5 mM, and (d) 7 mM, respectively.
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Figure S2. Histograms of the grain size distributions of 200 crystal particles without (control)
and with GAI modification as determined from SEM measurements. Insets are the photographs

of without and with GAI perovskite films.
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Figure S3. Atomic force microscope (AFM) images of the perovskite films (a) without and

(b) with GAI modification.
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Figure S4. (a) GIXRD pattern of the GAI film. (b) Intensity-dependent q curves of the GAI-

modification perovskite film extracted from GIXRD pattern.
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Figure S5. Absorption spectrum of the pure GAI film.
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Figure S6. Temperature-dependent PL spectra of the perovskite films (a) without and (b) with

GAI modification.



N-H

N\ +~-C=N
/

Transmittance (a.u.)

— GAl
—— GAIl-modified perovsklite
—— Control perovskite

|
4000 3500

| I I |
3000 2500 2000 1500

Wavenumber (cm™)

Figure S7. Fourier transform infrared (FTIR) spectroscopy measurement for pure GAI, the

control and GAI-modified perovskite films.
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Figure S8. EL spectra at different bias voltages for PeLEDs modified with the GAI of the

concentrations of (a) 0 mM, (b) 3 mM, (c) 5 mM, and (d) 7 mM, respectively.
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Figure S9. EL characteristics of PeLEDs without and with GAI modification. (a) Angular EL
intensity profile and (b) angle-dependent EL spectra of the control device without GAI
modification. (c¢) Angular EL intensity profile and (d) angle-dependent EL spectra of the control

device with GAI modification.
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Figure S10. Device performances of PeLEDs modified with various GAI concentrations. (a) I-

V-L curves. (b) EQE as a function of current density.
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Figure S11. Space-charge-limited current (SCLC) measurements of electron-only devices (a)

without and (b) with GAI modification.
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Figure S12. UPS spectra of perovskite films modified without and with GAI (5 mM).
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Table S1. Time-resolved PL curve fittings of the perovskite films modified with various GAI

concentrations under an excitation pulse at 373 nm.*

Concentration PL peak FWHM 1 Ty Tav.
[mM] [nm] [nm] [ns] [ns] [ns]

0 690 30.8 40 750 289

3 692 32.8 50 1070 427

5 692 33.3 67 1330 686

7 692 34.9 60 1130 563

* The time-resolved PL decay curves measured by time-correlated single-photon counting
were fitted by a bi-exponential equation: Y = A;exp(—t/t1) + A,exp(—t/t,). Here, A; and 4,
correspond to the decay amplitudes of fast and slow components, respectively, where 4; + A4,

= 1. The average lifetime 1,,, was calculated by .., = (4,71 + 4:72)/(4; + 4>).
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