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Supplementary Note 1: Further experimental results and their interpretation
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Fig. S1. XRD measurements along with Rietveld refinements for 2D-RP perovskites (a)
BA;MAPD,Br; and (b) BA,MAPD,I;. Extra peaks were identified as additional phases

(#) BA,Pbl, and (*) Pbl, with small concentration.
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(a) (BA),MAPb.Br, (b) (BA),MAPb.I,

Fig. S2. Illustration depicting the interplanar distance and organic layer dimension

along the a-axis stacking direction for (a) BA,MAPb,Br; and (b) BA;MAPDb,BI,.
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Fig. S3. Visualization of the 4-site symmetry in the equatorial view and details of the
organic spacer penetration into the halide plane defining the octahedron, highlighting the

organic-inorganic interface for (a) BA,MAPb,Br; and (b) BA,MAPb,BI.
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Fig. S4. (a) Steady-state absorption spectra and (b) time-resolved carrier lifetimes

measured for uncompressed BA;MAPb,Br; and BA,MAPDb,BI;.
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Fig. SS. In-situ synchrotron X-ray diffraction (XRD) patterns under applied pressure for

three conditions: ambient conditions within the diamond anvil cell (DAC), low pressure

(0.7 GPa), and post-release with residual pressure (0.7 GPa) for the samples (a)

BAzMAszBr7 and (b) BAzMAPb217
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Fig. S6. Representative in-situ synchrotron XRD patterns for samples under applied

pressure, (a) BA,MAPb,Br; and (b) BA,MAPb,I;. (¢) Schematic representation of the

crystallographic orientations in 2D (n=2) perovskites: [001] directions are perpendicular,

and [h00] directions are parallel to the layer stacking
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Supplementary Note 2: Further details of the RPP-type n =2 perovskite model
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Fig. S7. Undistorted Cs;Pb,I; RP-type, n = 2 perovskite model and its species-
decomposed HSE06+SOC band structure (red spheres are I; yellow spheres are Pb). We
show the large interlayer distance (62.75 A) used to avoid interlayer interactions.
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Fig. S8. The Kane energy defined according Equation S16, represented schematically in a general
band structure parabola. The slope is used according to the rationale of the Supplementary Note
4,
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Fig. S9. HSE06+SOC projected density of states (pDOS) for the uncompressed RPPs.
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