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Supplementary Note 1

The use of NH,4Cl as an additive illustrates the significant impact of additive volatility and ionic
radius on the crystallization process. NH4Cl, with its high volatile conjugated base and small ionic
radius, leads to the early formation of the 3C perovskite structure around 72°C, as shown in
supplementary data (Figure S2). This is consistent with literature reports indicating that volatile
additives can promote rapid crystallization at lower temperatures.! However, the premature
evaporation of NH4Cl hinders the stabilization of the 3C phase, eventually leading to the formation
of Pbl, at higher temperatures (138°C). Such findings align with studies highlighting the challenge
of maintaining phase stability when using highly volatile additives.!

The behavior of NH,4Cl additive presents a distinct contrast in their influence on perovskite phase
stability and degradation. In samples treated with NH4Cl, the GIWAXS data (Figure S2) shows an
initial increase in the Pbl, peak intensity at the onset of annealing, coupled with a slight decrease
in the 3C phase peak. This pattern suggests that the 3C FAPbI; phase undergoes degradation, likely
due to the expulsion of NH4Cl during the spin-coating process, which leaves the cubic phase
without effective stabilization. The early appearance of Pbl, and the reduction in the 3C phase
indicate that NH4Cl is not effective in maintaining phase stability under thermal stress.



Figure S1. GIWAXS of control films. Heat map of azimuthally integrated in situ GIWAXS over the
FAPDI; film deposition process. (a) 0.0% NMP and no MACI. (b) 0.0% NMP and 15.0 mol% MACI. (¢)
7.5% NMP and no MACI. All gray-dashed lines are heating curves.
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Figure S2. Heat map of azimuthally integrated in situ GIWAXS over the film deposition process. (a) 7.5
mol% NH,CI. (b) 15.0 mol% NH,CI. (c) 22.5 mol% NH,4CI. All gray-dashed lines are heating curves.
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Figure S3. Heat map of azimuthally integrated in situ GIWAXS over the film deposition process. (a) 7.5
mol% MACI. (b) 15.0 mol% MACI. All gray-dashed lines are heating curves.
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Figure S4. Heat map of azimuthally integrated in situ GIWAXS over the film deposition process. (a) 7.5
mol% EACIL. (b) 15.0 mol% EACI. (c) 22.5 mol% EACI. All gray-dashed lines are heating curves.
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Figure S5. Heat map of azimuthally integrated in situ GIWAXS over the film deposition process. (a) 7.5

mol% iPACI. (b) 15.0 mol% iPACIL. (c) 22.5 mol% iPACI. All gray-dashed lines are heating curves.
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Figure S6. Heat map of azimuthally integrated in situ GIWAXS over the film deposition process. (a) 7.5

mol% nPACIL. (b) 15.0 mol% nPACI. (c) 22.5 mol% nPACI. All gray-dashed lines are heating curves.
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Figure S7. Heat map of azimuthally integrated in situ GIWAXS over the film deposition process. (a) 7.5

mol% nBACI. (b) 15.0 mol% nBACI. (c) 22.5 mol% nBACI. All gray-dashed lines are heating curves.
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Figure S8. 2D GIWAXS data acquired for Control sample with no additive (a), with 15.0 mol% of NH,Cl
(b), MACI (c), EACI (d), iPACI (e), nPACI (f), and nBACI (g)
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Figure S9. Azimuthal intensity profiles of the (001) perovskite reflection for samples prepared with 15%
mol. (a) NH4Cl, (b) MACI, (c) EACL, (d) iPACI, (e) nPACI, and (f) nBACI. 300 diffraction images were
averaged to improve signal-to-noise.
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Figure S10. Representative PL spectra of perovskite films modified with 15.0 mol% of a) NH4Cl, b) MACI,
c) EACI, d) iPACI, e) nPACI, and f) nBACI.
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Figure S11. SEM images spectra of perovskite films modified with (a) 15.0 mol% of NH4Cl, (b) MACI,
(c) EACI, (d)iPACI, (e) nPACI, (f) nBACI, and (g) No additive. Scale bar, 5 um.
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