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Supplementary Figure 1. Simulation of the pressure-induced compression of n = 2 RPP (2L).
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Supplementary Figure 2. Simulation of the pressure-induced compression of n = 1 RPP (2L). 
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Supplementary Figure 3. Top view of the layer shift for n = 1 and 2 RPPs. Top layer of RPP is shaded in green and bottom layer of RPP is shaded in pink. In n = 1 system, the layer-to-layer shift is along b direction related to Γ5+ symmetry mode. In n = 2 system, the layer-to-layer shift is along both - a and b directions equivalent to M5- symmetry mode.1, 2 The Δ value change within (0, 0.5) range, its minimum value 0 and maximum value 0.5 corresponding to the standard Dion-Jacobson (DJ) and RP perovskite structure, respectively.
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Supplementary Figure 4. The evolution of the inter molecular dihedral angles of RPP under compression. The Pseudo-inversion centers of n = 1 system are marked in green dot. The BA / BA and BA / MA inter molecular dihedral angles are represented in the lagged schematic. 

The distinctive pressure responses of n = 1 and n > 1 systems originate from their different organic-inorganic couplings. For the n = 1 system, the BA molecules tilt in response to the hydrostatic pressure. For the n > 1 system, rotation of the conformers occurs at relatively low pressure, e.g., 0.27 GPa for n = 2. Besides, the intermolecular BA / MA dihedral angles increases with increasing pressure increasing. An initial BA / MA value of about 14° accompanies surface octahedral tilting in n = 2 RPP perovskite.3
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[bookmark: _Hlk95685320]Supplementary Figure 5. The evolution of in-plane and out-of-plane bond lengths of RPP under compression and decompression.
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Supplementary Figure 6. PL evolution under compression and decompression of n = 2 bulk RPP. The broadband emission is delayed for bulk crystal sample.
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[bookmark: OLE_LINK1]Supplementary Figure 7. Thickness-dependent PL spectra in exfoliated flakes of n = 2 RRP as a function of layer number. a Optical image of exfoliated flakes on Si/SiO2 substrate. b Layer-dependent PL spectra. Besides the intrinsic excitonic emission at ~ 2.12-2.16 eV, the thickness-dependent PL results demonstrate a clear additional emission at low energy region of ~2.02-2.05 eV, which becomes a clear emission peak in ultrathin layer samples and contributes to the asymmetric PL lineshape for thick samples. This addition emission peak is originated from the surface states (SSs), which are introduced by the disordered tt-BA molecules on the surface of the exfoliated flakes. Thus, we can define these two peaks as bulk states (BSs) and surface states (SSs). The thickness of the mechanical exfoliated flakes is determined by from both AFM measurements and optical contrast4.
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Supplementary Figure 8. In-situ PL spectra of n = 1, 3 and 4 RPP exfoliated thin flakes under compression and after one-to-one decompression. The corresponding photographs of n = 1, 3 and 4 RPP exfoliated flakes in the DAC taken at 0 GPa are shown in the left column. The excitation wavelength for n = 1 RPP is 457 nm and 532 nm for n = 3 and 4 RPPs.
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Supplementary Table 1. Calculation by DMol of vibrational modes in the frequency region of 0-700 cm-1 of gas BA+ molecule in tt, tg and g+g- conformations.
	BA+1 modes
	tt-BA frequency
	tt-BA
intensity
	tg-BA
frequency
	tg-BA
intensity
	g+g--BA
frequency
	g+g--BA
intensity

	Mode 1
	99.2
	0.03
	70.7
	0.283
	109.1
	0.44

	Mode 2
	111.1
	0.05
	153.1
	0.124
	194.7
	0.16

	Mode 3
	172
	0.18
	195.3
	0.549
	247.8
	0.16

	Mode 4
	223.1
	0.08
	248.7
	0.076
	301.4
	0.36

	Mode 5
	229.3
	0
	277.4
	0.09
	328.4
	0.10

	Mode 6
	389.6
	0.53
	330.6
	0.212
	368.2
	0.09

	Mode 7
	398.7
	0.64
	479.7
	0.46
	471.8
	0.09


We have obtained seven Raman active modes for BA vibrations in the frequency range of 0-700 cm-1. Mode 6 and 7 shows the highest Raman intensity for the tt-BA molecular vibrations, while only mode 7 has the highest Raman intensity in the tg and g+g- arrangement.

[bookmark: _Hlk74565700]Supplementary Table 2. Calculation by DMol of vibrational modes in the frequency region of 700-1000 cm-1 of gas BA+ molecule in tt, tg and g+g- conformations.
	BA+1 modes
	tt-BA frequency
	tt-BA
intensity
	tg-BA
frequency
	tg-BA
intensity
	g+g--BA
frequency
	g+g--BA
intensity

	Mode 1
	731.4
	0.013
	710.4
	0.069
	746.8
	0.026

	Mode 2
	767
	0.02
	840.5
	0.51
	817.5
	0.126

	Mode 3
	878.1
	1.285
	792
	0.402
	790.8
	0.905

	Mode 4
	872.5
	0.046
	877.5
	0.258
	870.6
	0.204

	Mode 5
	912.3
	0.123
	909.7
	0.29
	897.1
	0.338


We have obtained five Raman active modes for BA vibrations in the frequency range of 700-1000 cm-1. Mode 3 has the highest Raman intensity for tt-, tg- and g+g--BA conformers. However, the frequency of mode 3 is redshifted a lot from 878.1 cm-1 in the tt conformation to 792 and 790.8 cm-1 in the tg and g+g- arrangements.

Supplementary Table 3. Comparison of frequencies of vibrational modes (700-1000 cm-1) of tt- and g+g--BA molecules in gas form and in n = 2 RPP structure.
	BA+1 modes
	Gas form 
(tt)
	Gas form 
(g+g-)
	In RPP (n=2)
(tt)
	In RPP (n=2)
(g+g-)

	Mode 1
	731.4
	746.8
	737.2
	752.1

	Mode 2
	767
	817.5
	790.2
	803.5

	Mode 3
	878.1
	790.8
	890.5
	760.7

	Mode 4
	872.5
	870.6
	894.1
	891

	Mode 5
	912.3
	897.1
	953.4
	938.5


To test the effect of PbI42- inorganic lattice on the BA vibrational evolution from tt to g+g- conformation, we perform similar calculations by VASP method. Mode 3 is still the most active Raman mode in n = 2 RPP structure, the frequency of which shifts to 890.5 and 760.7 cm-1, respectively. However, mode 3 still shows a red-shift trend from the tt to g+g- conformational change even in n = 2 RPP structure.

Supplementary Discussion
Discussion on DFT calculations of Raman spectra shown in Fig. 4a, b in the main text.
Fig 4a and b correspond to the theoretically simulated Raman spectra for the BA bending and rocking modes in the tt, tg and g+g- structures of the BA gas molecules. The calculated Raman peak in the low-frequency region between 350 - 550 cm-1 (the grey line in Fig. 4a) is from the superposition of two skeletal bending modes of BA in the trans form, which belong to bending vibrations of CH2-CH2-CH3 (δ(CCC)) and CH2-CH2-NH3+ (δ(CCN)), respectively (the vibrational patterns are inserted in Figure 4c). This mode is hardened after evolving into the BA conformers, i.e., tg (~ 472 cm-1, blue line) and g+g- (~ 479 cm-1, red line), as demonstrated by the vibrational patterns in Fig. 4a. On the other hand, the calculated Raman peak in the high frequency region of 730 - 950 cm-1 (the grey line in Fig. 4b) is assigned to the skeletal rocking modes of BA in the trans form, i.e., (ρ(tt-BA)), which have a strong rocking (CH3, NH3+) contribution but is coupled with the CH2-CH2-CH2 stretching (the vibrational pattern is inserted in Figure 4c). This mode becomes weak while a strong mode at ~ 790 cm-1 appears after evolving into the ρ(tg-BA) (blue line) and the ρ(g+g--BA) (red line), as demonstrated by the vibrational patterns in Fig. 4b 
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