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1 Synthesis of CsPbBr3 nanocrystals
A suspension containing 80 mg (0.25 mmol) of cesium carbonate and 380 mg (1 mmol) of lead acetate trihydrate in 5 mL of oleylamine (OLAM), 1.5 mL of oleic acid (OA), and 25 mL of octadecene (ODE) was stirred and heated at 125°C in an oil bath under vacuum for 2 h. During the first 20 min, a substantial gas release occurred because of decarboxylation of the precursors. The resulting clear and transparent solution was then transferred under a nitrogen atmosphere to an oil bath maintained at 165°C. After 15 min, 355 µL (3 mmol) of benzoyl bromide was rapidly injected, and the reaction mixture was immediately quenched in an ice bath by the addition of 15 mL of dry toluene. Upon cooling, a bright yellow-green fine precipitate formed and was collected by centrifugation (5 min at 5000 rpm). The supernatant was discarded, and 15 mL of dry toluene was added to the precipitate, followed by vigorous shaking to wash the formed nanocrystals (NCs). After a second centrifugation step and removal of the supernatant, 5 mL of n-hexane was added, and the NCs were stored in sealed bottles at 4°C.
2 Synthesis of CsPbCl3 nanocrystals
The synthesis of CsPBCl3 NCs was performed according to the previously described protocol used for CsPbBr3 NCs, but benzoyl chloride (345 µL, 3 mmol) was employed instead of benzoyl bromide.
3 Synthesis of Cs4PbBr6 nanocrystals
A suspension containing 651 mg (2 mmol) of cesium carbonate and 380 mg (1 mmol) of lead acetate trihydrate in 7.5 mL of OLAM, 2.25 mL of OA, and 30 mL of ODE was stirred and heated at 125°C in an oil bath under vacuum for 2 h. During the first 20 min, a substantial gas release occurred because of decarboxylation of the precursors. The resulting clear and transparent solution was then transferred under a nitrogen atmosphere to an oil bath maintained at 50°C. After 15 min, 710 µL (6 mmol) of benzoyl bromide was rapidly injected, and the reaction mixture was immediately quenched in an ice bath by the addition of 15 mL of dry toluene. Upon cooling, a white fine precipitate formed and was collected by centrifugation (5 min at 5000 rpm). The supernatant was discarded, and 15 mL of dry toluene was added to the precipitate, followed by vigorous shaking to wash the formed NCs. After a second centrifugation step and removal of the supernatant, 5 mL of n-hexane was added, and the NCs were stored in sealed bottles at 4°C.
4 Synthesis of CsPBCl6 nanocrystals
The synthesis of Cs4PBCl6 NCs was performed according to the previously described protocol used for Cs4PbBR6 NCs, but benzoyl chloride (690 µL, 6 mmol) was employed instead of benzoyl bromide.
5 Cathodoluminescence analysis of CsPbBr3/Cs4PbBr6 nanocrystals
As observed, the cathodoluminescence (CL) emission from NCs with cubic morphology corresponding to the CsPbBr3 structure, as demonstrated by transmission electron microscopy (TEM) analysis in the main text, is highly pronounced. In contrast, the CL emission from crystals with rhombohedral morphology (Cs4PbBr6) shows negligible intensity compared to that of CsPbBr3.
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Fig.S1 (a) SEM image of a sample composed of CsPbBr3 (cubic morphology) and Cs4PbBr6 (rhombohedral morphology) perovskite nanocrystals (NCs). (b) Corresponding cathodoluminescence (CL) intensity map. The circled areas in both images highlight a few Cs4PbBr6 NCs. The CL emission from these NCs is negligible compared to that of the crystals with cubic morphology (CsPbBr3).

6 Powder X-Ray Diffraction (PXRD) of Cs4PbBr6 nanocrystals
PXRD measurements of Cs4PbBr6 NCs synthetized with different injection temperature were performed though accumulation in the range 2θ = 13-18° (Fig.S2a) and in the range 2θ = 20.5-22° (Fig.S2b), regions where the reflection peaks associated to the d100 (2θ = 15.1°) and the d110 (2θ = 21.4°) of the cubic system of CsPbBR3 are respectively expected. Red line: samples after annealing at 115°C for 10 min. Black line: samples without annealing treatment.
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Fig.S2 PXRD patterns of drop casted films of Cs4PbBr6 NCs synthetized with different injection temperature (Tinj) of the PhCOBr: 50°C, 90°C, 125°C and 165°C.
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