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Central Questions

Why superlattices of perovskite nanocrystals are special?

Where does superfluorescence come from?
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Colloidal Semiconductor Nanocrystals
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Lead Halide Perovskite Nanocrystals
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Nanocrystal Superlattices

Optical microscopy
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Early Nanocrystal Superlattices of CsPbBr;
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Early Nanocrystal Superlattices of CsPbBr,
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Syntheses of High-Quality CsPbBr; Nanocrystals

2015, ETH PDBr, in oleylamine (OLA) and oleic acid (OA) + Cs-oleate 15t generation);
2018, IIT, UW Cs,Pb-oleates + Benzoyl-X / TMS-X (X = ClI, Br, |), OA & OLA

2018, ETH PDbBr, + Cs-oleate, zwitterionic ligands

2nd generation);

3rd generation);

2018, IT 2nd generation + R,NH => shape-pure nanocubes 4t generation);

(
(
(
(
2018, ETH, UC Berkeley 1st generation + Lewis bases for PLQY (5% generation);
(
(
(

2019, IT 2" generation + R,R’,N*X" for PLQY & stability
2018-2022, amines — phosphines, earboxylates — phosphonates
+ variations (e.g., ZnX,, TOP-X, NBS, @lecithin, @zwitterionic polymers)

)
)
)
6t generation);
7t generation);
);

nth generation);
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10 nm CsPbBr; Nanocubes (15t Generation)
PbBr, + C,,H;;,CO0Cs + C,3H;:NH, — CsPbBr; + by-products
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Superlattices by Solvent Removal
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Well-ordered in Electron Diffraction

200 nm Electron microscopy Wide-angle electron diffraction
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Well-ordered in Electron Diffraction

Assembly of CdSe nanocrystals
Kang et al., Phil. Mag. Lett., 2003, 83, 569
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Assembly by Solvent Evaporation
B8 s '

Solvents:

Toluene (b.p.111 °C)
Tetrachloroethylene (b.p. 121
OC)

Evaporation takes 2-12 hours,
depending on the amount of
liquid.

Optlcal microscopy
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Wide-Angle X-Ray Diffraction
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Wide-Angle X-Ray Diffraction
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Superlattice Satellites of the 15t Bragg Peak
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Superlattice Satellites of the 15t Bragg Peak
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Superlattice Satellites of the 15t Bragg Peak
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Counts

Toso, DB, Giannini, Manna, ACS Mater. Lett. 2019, 1, 2, 272-276

Tracking Effect of Vacuum
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Physical Picture of Superlattice Diffraction
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Quantitative Structural Refinement
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Quantifying Effect of Temperature on Superlattices
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Refining Surface Passivation of Nanoplatelets

2-Monolayer Cs-Pb-Br Nanoplatelets Nanoplatelet Superlattices
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Quantification of Structural Parameters
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CsPbBr; nanocubes
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Diffraction and Interference
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Dicke Superradiance, 1954
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Experiment with HF gas, 1972
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Superfluorescence, 1975
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Experiment with Na vapor, 1976
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Recent experiments with Rb vapor
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Superfluorescence in CsPbBr; Nanocrystals
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Absorbance, normalized

8 nm CsPbBr; nanocubes (4" Generation)
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Looking for Cooperative Emission
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Looking for Cooperative Emission
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Possible Superfluorescence, Case 1

CsPbBr; nanocubes (4" Generation
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Possible Superfluorescence, Case 2

CsPbBr; nanocubes (15t Generation) 90 days old (vacuum), no signs of coalescence
CsPbBr; superlattice CsPbBr; disordered NCs
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Possible Superfluorescence, Case 2

CsPbBr; nanocubes (15t Generatlon)

90 days old (vacuum), no signs of coalescence
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Conclusions

What makes superlattices of these nanocrystals special?

Where does superfluorescence come from?
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