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n =2(ps) n =3 (ps) n =4 (ps) n=>5(ps)
TAS
TRise TDecay TRise TDecay TRise TDecay TRise TDecay
Reference 0.18 0.53 0.16 0.36 0.16 1.36 0.32 149
PPNCI1 0.12 0.24 0.10 0.33 0.14 0.33 0.18 53
PPNCl+ CsTFA | 0.16 0.13 0.13 0.25 0.11 0.33 0.13 44

Table S1. Decay and formation constants for each condition at specific wavelengths
corresponding to n =2, 3, 4, and > 5 Phases.

Intensity (a. u.)

- Reference
e PPN CI
= PPNCI + CSTFA

.-....

400 450

550 600

Wavelength (nm)

Figure S1. PL characteristics of perovskite films under reference, PPNCI, and PPNCI + CsTFA

conditions; inset: perovskite film (PPNCI + CsTFA) under UV illumination.



Peak FWHM PLQY

Samples (nm) (nm) (%)
Reference 475 23 17
PPNCI 467 22 30
PPNCI + CsTFA 467 22 32

Table S2. PL characterization for each condition.
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Figure S2. Time-resolved photoluminescence measurements for each condition.



PLQY TDecay (HS)
TRPL (%)
0 Avg. Rad. NR
Reference 17 12.2 72 15
PPNCI1 30 11.5 38 16
PPNCI1 + CsTFA 32 7.7 24 11
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Table S3. PL decay times for each condition at specific wavelengths corresponding to the PL
emission Peak. The reference condition corresponds to a wavelength of 475 nm, while PPNCI
and PPNCI + CsTFA conditions correspond to 467 nm. ‘Avg.” means average recombination,
‘Rad.’ means radiative recombination, and ‘NR’ means non-radiative recombination.
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Figure S3. Hydrogen atoms in PEABTr influenced by additives. (a) Schematic representation
of the [PPN]*, PEA™, and TFA™ structures. (b) 1H NMR signals of PEABr at varying ratios of
PPNCI to PEABr. The yellow ‘f* region in (a) and (b) corresponds to the '"H NMR signals of
the ammonium group in PEABT.
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Figure S4. Interaction between spacers and additives. (a) 3'P NMR spectrum of PPNCI with
and without PEABT. (b) '°F NMR spectrum of CsTFA with and without PEABT.
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Figure S5. Schematic illustrating the interactions between PEA™, [PPN]*, and TFA-, and the
mechanism for n-phase regulation. ‘R’ group denotes the phenethyl group (C¢HsCH,CH,").
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Figure S6. SEM top-view images of perovskite films (a) without a TCTA layer and (b) on a
TCTA layer. AFM images of the perovskite layer (c¢) without a TCTA layer and (d) ona TCTA

layer.
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Figure S7. Statistical LED performance plot of 22 devices satisfying EL peak shift conditions
below 3 nm.
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Figure S8. LED performance based on pure-blue emitting quasi-2D mixed halide perovskite.
A 2D scatter plot correlating the spectral drift (Peak Shift) and emission linewidth (FWHM) of
the corresponding devices. The red star highlights the optimized device from this work.



EL Peak, FWHM, EQE_ DPeak

Year (nm) (nm) (%) (nm) Ref.
2020 473 23 8.8 3 [1]
2021 469 22 4.1 2 2]
2021 473 23 3.1 4 [3]
2022 469 32 6.1 4 [4]
2024 477 29 4 - [5]
2024 470 23 8.3 3 [6]
464 21 7.4 >10
2024 [7]
473 24 13.1 >5
2025 476 26 4.5 2 [8]
2026 473 21 8 3 V{(‘)‘r‘f(

Table S4. Summary of the key parameters of pure-blue emitting quasi-2D mixed halide
perovskite LEDs in Figure S8: electroluminescence (EL) characteristics, external quantum
efficiency (EQE), and spectral stability (APeak).
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