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Supplementary Figure 1. The crystal structure for (R-3-FPEA)2PbBr4 under ambient conditions. The black dotted line represents the N-H···Br hydrogen bonding interaction between the [PbBr6]4- octahedron and the R-3-FPEA+ organic cation.
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Supplementary Figure 2. The crystal structure for (R-3-ClPEA)2PbBr4 under ambient conditions. The black dotted line represents the N-H···Br hydrogen bonding interaction between the [PbBr6]4- octahedron and the R-3-ClPEA+ organic cation.
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Supplementary Figure 3. The crystal structure for (R-3-BrPEA)2PbBr4 under ambient conditions. The black dotted line represents the N-H···Br hydrogen bonding interaction between the [PbBr6]4- octahedron and the R-3-BrPEA+ organic cation.
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Supplementary Figure 4. PXRD spectrum of (R-3-FPEA)2PbBr4 bulk crystals, as well as the single crystals based on simulated results.
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Supplementary Figure 5. PXRD spectrum of (R-3-ClPEA)2PbBr4 bulk crystals, as well as the single crystals based on simulated results.
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Supplementary Figure 6. PXRD spectrum of (R-3-BrPEA)2PbBr4 bulk crystals, as well as the single crystals based on simulated results.
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Supplementary Figure 7. The glum factors of (S/R-3-FPEA)2PbBr4 under ambient conditions.
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Supplementary Figure 8. The glum factors of (S/R-3-ClPEA)2PbBr4 under ambient conditions.
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Supplementary Figure 9. The glum factors of (S/R-3-BrPEA)2PbBr4 under ambient conditions.
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Supplementary Figure 10. The variations in a) the center position of the emission, and b) the intensity of the peak for FE and STE emission in (R-3-ClPEA)2PbBr4 under different pressures. c) The full width at half-maximum (FWHM) for FE at selected pressures.
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Supplementary Figure 11. a) In situ pressure-dependent PL spectra of (R-3-BrPEA)2PbBr4. b) Microphotographs in the sample chamber at selected pressures under the ultraviolet field for (R-3-BrPEA)2PbBr4. 
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Supplementary Figure 12. The variations in a) the center position of the peak, and b) the intensity of the peak for FE and STE emission in (R-3-BrPEA)2PbBr4 under different pressures. c) The full width at half-maximum (FWHM) for FE at selected pressures.
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Supplementary Figure 13. The chromaticity coordinates the diagram of the emissions for (R-3-ClPEA)2PbBr4 at selected pressures.
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Supplementary Figure 14. The chromaticity coordinates the diagram of the emissions for (R-3-BrPEA)2PbBr4 at selected pressures.
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Supplementary Figure 15. The variations in a) the center position of the peak, and b) the intensity of the peak for FE and STE emission in (R-3-FPEA)2PbBr4 under different pressures.
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Supplementary Figure 16. The chromaticity coordinates the diagram of the emissions for (R-3-FPEA)2PbBr4 at selected pressures.
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Supplementary Figure 17. a) Selected in situ high-pressure absorption spectra of (R-3-FPEA)2PbBr4. b) Variations of (R-3-FPEA)2PbBr4 band gap at different pressures.
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Supplementary Figure 18. a) Selected in situ high-pressure absorption spectra of (R-3-ClPEA)2PbBr4. b) Variations of (R-3-ClPEA)2PbBr4 band gap at different pressures.
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Supplementary Figure 19. a) Selected in situ high-pressure absorption spectra of (R-3-BrPEA)2PbBr4. b) Variations of (R-3-BrPEA)2PbBr4 band gap at different pressures.
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Supplementary Figure 20. The ADXRD patterns of (R-3-BrPEA)2PbBr4 at the selected pressures. 
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Supplementary Figure 21. In situ high-pressure Raman spectra of a) (R-3-FPEA)2PbBr4, b) (R-3-ClPEA)2PbBr4 and c) (R-3-BrPEA)2PbBr4.
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Supplementary Figure 22. Rietveld refinements of a) (R-3-FPEA)2PbBr4, b) (R-3-ClPEA)2PbBr4, and c) (R-3-BrPEA)2PbBr4 under ambient conditions. The grey lines denote the difference between the experimental (red star) and the simulated (black line) profiles, and the blue vertical markers indicate the corresponding Bragg reflections.
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Supplementary Figure 23. Pressure-dependence lattice parameters of (R-3-BrPEA)2PbBr4.
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Supplementary Figure 24. The Cell volume of (R-3-FPEA)2PbBr4 at different pressures.
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Supplementary Figure 25. The Cell volume of (R-3-ClPEA)2PbBr4 at different pressures.
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Supplementary Figure 26. The Cell volume of (R-3-BrPEA)2PbBr4 at different pressures.
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Supplementary Figure 27. The interlayer d-spacing (R-3-FPEA)2PbBr4 (green square), (R-3-ClPEA)2PbBr4 (blue square), and (R-3-BrPEA)2PbBr4 (red square) under pressure.
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Supplementary Figure 28. Variations of parameter Δdx in (R-3-FPEA)2PbBr4 (green hexagon), (R-3-ClPEA)2PbBr4 (blue hexagon), and (R-3-BrPEA)2PbBr4 (red hexagon) under pressure.
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Supplementary Figure 29. a-b) The crystal structure models of (R-3-ClPEA)2PbBr4 at a) 1 atm and b) 2.5 GPa. c-d) The 2D noncovalent interaction isosurfaces between organic ammonium dimers in (R-3-ClPEA)2PbBr4 at c) 1 atm and d) 2.5 GPa. The inset shows the 3D noncovalent interaction isosurfaces, where the green clouds revealed the Cl···Cl interaction. The map is colored on a blue-green-red according to the values of sign(λ2)ρ ranging from − 0.10 to 0.02.
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Supplementary Figure 30. Variations of the penetration depths (dP) in (R-3-FPEA)2PbBr4 (green hexagon), (R-3-ClPEA)2PbBr4 (blue hexagon), and (R-3-BrPEA)2PbBr4 (red hexagon) under pressure.
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Supplementary Figure 31. Calculated a) band structure diagram and b) projected density of states (PDOS) on each atom in (R-3-ClPEA)2PbBr4 under ambient conditions.
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Supplementary Figure 32. Calculated a) band structure diagram and b) projected density of states (PDOS) on each atom in (R-3-ClPEA)2PbBr4 at 2.5 GPa.
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Supplementary Figure 33. The plot of variation in the average value of six Pb-Br bond lengths within the [PbBr6]4- octahedron of (R-3-FPEA)2PbBr4 under pressure.
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Supplementary Figure 34. The plot of variation in the average value of six Pb-Br bond lengths within the [PbBr6]4- octahedron of (R-3-ClPEA)2PbBr4 under pressure.
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Supplementary Figure 35. The plot of variation in the average value of six Pb-Br bond lengths within the [PbBr6]4- octahedron of (R-3-BrPEA)2PbBr4 under pressure.
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Supplementary Figure 36. Huang-Rhys factor S of (R-3-ClPEA)2PbBr4 at different pressures.
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Supplementary Figure 37. Huang-Rhys factor S of (R-3-FPEA)2PbBr4 at different pressures.
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Supplementary Figure 38. Huang-Rhys factor S of (R-3-BrPEA)2PbBr4 at different pressures.
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Supplementary Figure 39. The TRPL curves of (R-3-ClPEA)2PbBr4 broad-band emission were measured at different pressures.

Supplementary Tables
Supplementary Table 1. Single crystal X-ray diffraction data of (R-3-XPEA)2PbBr4 crystal.

	Compound
	(R-3-FPEA)2

PbBr4
	(R-3-ClPEA)2

PbBr4
	(R-3-BrPEA)2

PbBr4

	Empirical formula
	C16H22F2N2PbBr4
	C16H22Cl2N2PbBr4
	C16H22Br2N2PbBr4

	Formula weight
	807.18
	840.08
	929.00

	Temperature / K
	200.0
	300.0
	300.0

	Crystal system
	monoclinic
	monoclinic
	monoclinic

	Space group
	P21
	P21
	P21

	a / Å
	8.8556(1)
	8.8097(4)
	8.795(2)

	b / Å
	7.7361(1)
	7.8261(3)
	7.9006(15)

	c / Å
	16.9816(2)
	17.6903(10)
	18.009(4)

	α / °
	90
	90
	90

	β / °
	96.0310(10)
	97.3558(17)
	97.490(9)

	γ / °
	90
	90
	90

	Volume / Å3
	1156.93(2)
	1209.63(10)
	1240.7(5)

	Z
	2
	2
	2

	ρ calc g / cm3
	2.317
	2.306
	2.487

	μ / mm‑1
	22.438
	13.805
	16.464

	F(000)
	744.0
	776.0
	848.0

	Radiation
	Cu Kα (λ =1.54184)
	Mo Kα (λ = 0.71073)
	Mo Kα (λ = 0.71073)

	2θ range for data collection/°
	5.232 to 119.986
	4.936 to 54.986
	4.672 to 55.05

	Index ranges
	-9 ≤ h ≤ 9;

-7 ≤ k ≤ 8;

-18 ≤ l ≤ 19
	-10 ≤ h ≤ 10; 

-10 ≤ k ≤ 10; 

-22 ≤ l ≤ 22
	-11 ≤ h ≤ 11;

-10 ≤ k ≤ 10;

-23 ≤ l ≤ 23

	Reflections collected
	10068
	7933
	40562

	Independent reflections
	3183 [Rint = 0.0493,

Rsigma = 0.0409]
	4976 [Rint = 0.0373, 

Rsigma = 0.0840]
	5691 [Rint = 0.0733,

 Rsigma = 0.0488]

	Data/restraints/parameters
	3183/133/230
	4976/37/206
	5691/121/230

	Goodness-of-fit on F2
	1.131
	0.835
	1.016

	Final R indexes [I ≥ 2σ (I)]
	R1 = 0.0393,

wR2 = 0.0951
	R1 = 0.0343,

wR2 = 0.0627
	R1 = 0.0410,

wR2 = 0.1207

	Final R indexes [all data]
	R1 = 0.0401,

wR2 = 0.0955
	R1 = 0.0584,

wR2 = 0.0729
	R1 = 0.0490,

wR2 = 0.1257

	Largest diff. peak/hole/e Å-3
	0.94/-3.90
	0.86/-1.11
	2.17/-2.12

	Flack parameter
	-0.019(6)
	0.011(9)
	0.046(6)

	CCDC No.
	2327085
	2327086
	2327087


Supplementary Table 2. Selected bond lengths (Å) for (R-3-XPEA)2PbBr4.
	(R-3-FPEA)2PbBr4
	(R-3-ClPEA)2PbBr4
	(R-3-BrPEA)2PbBr4

	Bond lengths / Å
	Bond lengths / Å
	Bond lengths / Å

	Pb1-Br1
	3.0274(19)
	Pb1-Br1
	2.9668(15)
	Pb1-Br1
	3.0363(18)

	Pb1-Br11
	3.2196(13)
	Pb1-Br23
	3.0236(8)
	Pb1-Br15
	3.1958(16)

	Pb1-Br2
	2.9848(13)
	Pb1-Br2
	3.4067(8)
	Pb1-Br2
	2.9875(17)

	Pb1-Br3
	2.9333(15)
	Pb1-Br3
	3.2574(8)
	Pb1-Br3
	2.9726(16)

	Pb1-Br32
	3.0255(18)
	Pb1-Br4
	3.3077(8)
	Pb1-Br36
	3.0448(17)

	Pb1-Br4
	2.9848(13)
	Pb1-Br44
	3.2014(8)
	Pb1-Br4
	2.9764(19)


Symmetry codes: 12-x, 1/2+y, 1-z; 23-x, 1/2+y, 1-z; 3-1-x, 1/2+y, -z; 4-2-x, 1/2+y, -z; 51-x, 1/2+y, 1-z; 6-x, 1/2+y, 1-z;
Supplementary Table 3. Selected bond angles (°) for (R-3-XPEA)2PbBr4.
	(R-3-FPEA)2PbBr4
	(R-3-ClPEA)2PbBr4
	(R-3-BrPEA)2PbBr4

	Bond angles / °
	Bond angles / °
	Bond angles / °

	Br1-Pb1-Br11
	82.823(13)
	Br1-Pb1-Br25
	89.77(4)
	Br1-Pb1-Br19
	85.21(2)

	Br2-Pb1-Br11
	86.787(13)
	Br1-Pb1-Br3
	166.99(3)
	Br1-Pb1-Br310
	172.70(5)

	Br2-Pb1-Br1
	89.240(14)
	Br1-Pb1-Br46
	86.27(4)
	Br3-Pb1-Br1
	88.96(6)

	Br2-Pb1-Br32
	85.986(13)
	Br1-Pb1-Br4
	88.58(4)
	Br310-Pb1-Br19
	101.95(6)

	Br4-Pb1-Br11
	174.277(14)
	Br2-Pb1-Br1
	97.24(4)
	Br3-Pb1-Br19
	173.30(6)

	Br4-Pb1-Br1
	97.043(15)
	Br2-Pb1-Br21
	83.301(16)
	Br3-Pb1-Br310
	83.96(2)

	Br4-Pb1-Br2
	89.430(13)
	Br2-Pb1-Br3
	90.71(4)
	Br3-Pb1-Br2
	90.71(4)

	Br4-Pb1-Br32
	94.760(14)
	Br2-Pb1-Br46
	173.10(5)
	Br3-Pb1-Br4
	97.51(5)

	Br32-Pb1-Br1
	90.277(14)
	Br2-Pb1-Br4
	89.43(5)
	Br2-Pb1-Br1
	101.02(4)

	Br3-Pb1-Br1
	175.568(14)
	Br25-Pb1-Br46
	102.71(5)
	Br2-Pb1-Br19
	87.16(4)

	Br32-Pb1-Br11
	94.154(14)
	Br3-Pb1-Br25
	80.91(4)
	Br2-Pb1-Br310
	80.89(4)

	Br3-Pb1-Br11
	92.431(15)
	Br3-Pb1-Br4
	101.83(4)
	Br4-Pb1-Br1
	89.32(4)

	Br3-Pb1-Br2
	170.429(16)
	Br3-Pb1-Br46
	86.95(4)
	Br4-Pb1-Br19
	85.76(5)

	Br3-Pb1-Br4
	90.394(14)
	Br4-Pb1-Br25
	172.29(4)
	Br4-Pb1-Br310
	89.86(5)

	Br3-Pb1-Br32
	86.400(15)
	Br4-Pb1-Br46
	84.707(19)
	Br4-Pb1-Br2
	166.94(5)

	Pb1-Br1-Pb13
	83.280(13)
	Pb1-Br2-Pb17
	157.44(6)
	Pb1-Br1-Pb111
	143.60(6)

	Pb1-Br3-Pb14
	156.98(7)
	Pb1-Br4-Pb18
	142.96(5)
	Pb1-Br3-Pb112
	157.54(7)


Symmetry codes: 1 2-x, 1/2+y, 1-z; 2 3-x, 1/2+y, 1-z; 3 2-x, -1/2+y, 1-z; 4 3-x, -1/2+y, 1-z; 5 -1-x, 1/2+y, -z; 6 -2-x, 1/2+y, -z; 7 -1-x, -1/2+y, -z; 8 -2-x, -1/2+y, -z; 9 1-x, 1/2+y, 1-z; 10 -x, 1/2+y, 1-z; 11 1-x, -1/2+y, 1-z; 12 -x, -1/2+y, 1-z.
Supplementary Table 4. Lattice parameters of (R-3-FPEA)2PbBr4 at different pressures.
	Pressure

(GPa)
	a (Å)
	b (Å)
	c (Å)
	β (°)
	V (Å3)
	Rp (%)
	Rwp (%)

	1 atm
	8.794(1)
	7.815(1)
	17.248(1)
	95.63(1)
	1179.9(3)
	3.27
	3.14

	0.5
	8.740(1)
	7.770(1)
	17.026(2)
	95.98(1)
	1150.2(3)
	3.44
	2.56

	1.0
	8.661(1)
	7.676(1)
	16.773(2)
	96.30(2)
	1108.5(4)
	3.47
	2.47

	1.8
	8.594(1)
	7.599(1)
	16.564(2)
	95.90(2)
	1075.9(3)
	3.37
	2.27

	2.3
	8.554(1)
	7.564(1)
	16.495(2)
	95.85(1)
	1057.7(3)
	3.40
	2.11

	3.0
	8.483(2)
	7.512(2)
	16.351(2)
	95.54(2)
	1033.4(4)
	3.63
	2.20

	3.6
	8.415(2)
	7.463(2)
	16.231(2)
	95.93(2)
	1016.9(4)
	3.66
	2.14

	4.4
	8.376(1)
	7.419(1)
	16.133(2)
	95.90(1)
	997.2(3)
	3.80
	2.03

	5.3
	8.359(1)
	7.357(1)
	16.088(2)
	95.42(1)
	984.9(3)
	3.84
	2.46

	6.5
	8.344(1)
	7.296(1)
	16.060(2)
	95.39(1)
	964.9(3)
	3.51
	2.36


Supplementary Table 5. Lattice parameters of (R-3-ClPEA)2PbBr4 at different pressures.
	Pressure (GPa)
	a (Å)
	b (Å)
	c (Å)
	β (°)
	V (Å3)
	Rp (%)
	Rwp (%)

	1 atm
	8.797(1)
	7.831(1)
	17.698(1)
	97.29(1)
	1209.4(3)
	2.74
	2.76

	0.7
	8.618(2)
	7.693(1)
	17.228(2)
	97.97(2)
	1131.2(4)
	3.73
	2.42

	1.3
	8.570(3)
	7.654(2)
	17.075(3)
	98.16(3)
	1108.9(5)
	3.85
	3.89

	1.8
	8.557(2)
	7.645(1)
	16.990(1)
	98.10(2)
	1101.8(3)
	3.00
	3.03

	2.5
	8.557(3)
	7.643(2)
	16.972(2)
	98.03(3)
	1098.4(5)
	3.32
	3.79

	3.2
	8.552(1)
	7.631(1)
	16.970(2)
	98.00(1)
	1094.8(2)
	2.35
	2.37

	4.0
	8.549(1)
	7.630(1)
	16.962(2)
	98.15(1)
	1093.2(2)
	3.52
	2.76

	4.6
	8.545(3)
	7.610(3)
	16.969(2)
	98.14(4)
	1090.0(6)
	3.46
	2.70

	5.7
	8.543(2)
	7.582(2)
	16.958(3)
	98.17(3)
	1087.3(5)
	3.00
	2.31

	7.3
	8.517(3)
	7.560(2)
	16.945(3)
	98.19(3)
	1078.5(6)
	3.17
	2.51


Supplementary Table 6. Lattice parameters of (R-3-BrPEA)2PbBr4 at different pressures.
	Pressure (GPa)
	a (Å)
	b (Å)
	c (Å)
	β (°)
	V (Å3)
	Rp (%)
	Rwp (%)

	1 atm
	8.779(2)
	7.879(1)
	17.979(1)
	97.50(1)
	1239.6(3)
	3.05
	2.82

	0.4
	8.742(2)
	7.860(1)
	17.822(1)
	97.76(1)
	1222.5(3)
	3.24
	2.38

	0.8
	8.707(2)
	7.835(2)
	17.698(2)
	98.34(2)
	1197.7(4)
	3.52
	3.54

	1.3
	8.647(2)
	7.808(2)
	17.574(2)
	98.46(3)
	1177.0(5)
	3.71
	3.55

	1.7
	8.605(3)
	7.790(2)
	17.494(2)
	98.63(3)
	1162.4(5)
	3.81
	3.49

	2.3
	8.525(3)
	7.736(2)
	17.406(2)
	98.81(3)
	1137.2(5)
	3.97
	3.29

	3.2
	8.467(3)
	7.707(2)
	17.343(3)
	98.64(3)
	1116.3(5)
	3.43
	2.59

	4.3
	8.428(3)
	7.67(3)
	17.328(3)
	98.03(3)
	1106.9(6)
	3.80
	2.38

	5.4
	8.410(3)
	7.624(2)
	17.303(2)
	97.60(2)
	1099.6(4)
	3.27
	1.97

	6.9
	8.391(3)
	7.601(2)
	17.289(2)
	97.23(3)
	1092.6(5)
	3.04
	2.22


Supplementary Table 7. The fitting parameters of TRPL results and calculated average PL lifetime in (R-3-ClPEA)2PbBr4.
	Pressure (GPa)
	τ1 (ns)
	A1
	τ2 (ns)
	A2
	τaverage (ns)

	1 atm
	0.92
	82.8
	7.07
	17.3
	4.7

	0.5
	0.65
	88.0
	4.37
	12.2
	2.4

	0.9
	0.56
	92.5
	3.01
	7.5
	1.3

	1.3
	0.43
	95.3
	2.86
	4.7
	1.0
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