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Figure S1: Full powder XRD patterns of all halide perovskites examined in this study. Reflections attributed
to unconverted Pbl: are denoted with asterisks.

Table S1: Lattice parameters from XRD data for MAPbX: perovskites

Composition | Crystal system | a=b (A) c(A)
MAPDLCl; Cubic 5.675(2) 5.675(2)
MAPDLBrCl, Cubic 5.755(3) 5.755(3)
MAPDBI,Cl Cubic 5.849(3) 5.849(3)
MAPDLBT3 Cubic 5.954(2) 5.954(2)
MAPDBBII Tetragonal 8.449(4) 11.997(4)
MAPDBBrI, Tetragonal 8.682(6) 12.407(6)
MAPDI3 Tetragonal 8.861(2) 12.653(2)
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Table S2: Optical band gaps (Eg) and laser excitation energies for the Raman and PL investigation of
perovskite materials. (Res) stands for Resonant, (Off-res) for off-resonance Raman excitation and (PL) for
Photoluminescence which occurred upon excitation in the vicinity of Eg.

Perovskite Eg (eV) | 514 nm! 785 nm"Y 1064 nm

(2.41 V) (1.58 eV) (1.17 €V)
MAPbBHCl3 3.06 Off-res Off-res Off-res
MAPbHBrCl, 2.78 Off-res Off-res Off-res
MAPbBI,Cl 2.53 Off-res Off-res Off-res
MAPbBBTr3 2.33 Res —PL Off-res Off-res
MAPbBBII 2.08 Res —PL Off-res Off-res
MAPbBrL, 1.81 Res —PL Off-res Off-res
MAPDI; 1.61 Res PL Off-res
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Figure S2: Fitting analysis of the far-IR absorption spectra (black lines). Fitting spectra are shown with red
symbols and fitting components with green lines. Last graph shows spectrum of reference HPDE-ALOs.
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Figure S3: Spectra show shifting of PL during measuring MAPbIL:Br under resonance (514 nm) conditions,
indicating phase segregation.
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Figure S4: Raman frequency shifts of strongest MA modes above 900 cm™' for various halogen contents in
MAPDbXG.
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Figure S5: The frequency of the v torsional mode at RT against the band gaps for all measured MAPbX;
derivatives.

Table S3: Overview of main MA Raman frequency peaks above 900 cm™', measured at 100 K by excitation
at 785 nm, for MA lead derivatives MAPDb[X].

Mode/[X] 12Br IBr2 Br3 Br2Cl BrCI2 CI3 Assignment
% 912 915 918 923 925 927 p (MA)

\Z 965 969 972 975 976 979 v (CN)

Vo 1250 1252 1253 1255 1255 p (MA)

Vio 1420 1421 1428 1427 1426 1430 | &5 (CH3)

Vi 1454 1455 1463 1458 1458 1464 | 6. (CH3)

vi2 1472 1476 1483 1486 1488 ds (NH3")
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