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1. [bookmark: _Toc164717323]Core crown-crown-shell NPLs 
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Figure S 1 Synthesis of weakly laterally confined core-large crown-crown-shell NPLs. a. Absorbance and photoluminescence spectra of CdS/CdSe/CdS core-large crown-crown NPLs. Inset is an image of the solution under UV illumination. b. Absorbance and photoluminescence spectra of CdS/CdSe/CdS/CdZnS core-large crown-crown-shell NPLs. Inset is an image of the solution under UV illumination. c. Absorbance and photoluminescence spectra of CdS/CdSe/CdS/CdS core-large crown-crown-shell NPLs. Inset is an image of the solution under UV illumination.

[bookmark: _Hlk164693698]Table S 1 Luminescence properties of the material depicted in Figure 1.
	Heterostructure
	PL max (nm)
	FWHM (nm)
	PLQY (%)

	CdS core
	418
	12
	12 ±2

	CdS/CdSe core crown
	497
	18
	24 ±3

	CdS/CdSe/CdS C-C-C
	502
	15
	55 ±8

	CdS/CdSe/CdS/CdZnS C-C-C-S
	575
	37
	68 ±5



2. [bookmark: _Toc164717324]Chemical analysis of the core-crown-crown-shell NPLs
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Figure S 2 Photoemission spectroscopy laterally confined C-C-C-S NPLs (material from figure 1). Survey photoemission spectrum acquired with a 700 eV photon energy. b. Zn 2p core level acquired at 1150 eV as photon energy. c. Cd 3d core level acquired with a 700 eV photon energy. d. S 2p (and Se 3p) core levels acquired with a 700 eV photon energy. e. Se 3d core level acquired at 700 eV as photon energy.
[image: ]
Figure S 3 Chemical mapping for CdS/CdSe/CdS/CdS C-C-C-S NPLs. (a). STEM HAADF for the core-crown-crown-shell NPLs. Elemental maps of (b) Cd, (c) Se, and (d) S. (e) and (f) are line-scans in the (e) horizontal and (f) vertical directions across the image of the plate as shown.


3. [bookmark: _Toc164717325]Hole wavefunction in laterally confined C-C-C-S NPLs.
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Figure S 4 hole wavefunction. Schematic of the CdS/CdSe/CdS/ZnS C-C-C-S NPL and hole density within the lateral extension (x,y plane) and the thickness (y,z plane).


4. [bookmark: _Toc164717326]Luminescence from core-crown-crown-shell NPLs 

[image: ]
Figure S 5 Luminescence from CdS/CdSe/CdS C-C-C NPLs and their shelled counterparts. a. Cathodoluminescence spectra for CdS/CdSe/CdS C-C-C NPLs with a narrow (1 nm) CdSe crown (purple), for CdS/CdSe/CdS C-C-C NPLs with a large (3 nm) CdSe crown (blue), for CdS/CdSe/CdS/CdZnS C-C-C-S NPLs with a narrow (1 nm) CdSe crown (green), for CdS/CdSe/CdS/CdZnS C-C-C-S NPLs with a large (3 nm) CdSe crown (yellow), for CdS/CdSe/CdS/CdS C-C-C-S NPLs with a large (3 nm) CdSe crown (red). b. Radioluminescence spectra for the same set of samples as a. 



5. [bookmark: _Toc164717327]LED stack band diagram
The energy diagram of the LED stack proposed by Dai et al1 initially was determined previously for CdSe/ZnS NPLs.2 Here we update this diagram to account for actual band gap. Work function is assumed to be unchanged given both NPL have similar surface chemistry (i.e., same surface dipole).
[image: ]
Figure S 6 Energy alignment for the LED. 

6. [bookmark: _Toc164717328]Thermal dependence for PL of core-crown-crown-shell NPLs 
[image: ]
Figure S 7 Thermal dependence of the PL. a. PL spectra for the CdS/CdSe/CdS/CdZnS C-C-C-S NPLs under various temperatures. Absence of irreversible damage upon annealing is illustrated by overlap of the PL spectrum after cooling with initial spectrum. b. Peak wavelength and full width at half maximum as a function of annealing temperature.
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