Multiexcitons and correlation effects
in perovskite nanocrystals
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Light emitting devices
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Motivations

¢ System of interest:
+ nano-cubes
+ nanoplatelets

¢ Emission properties:
+ size-dependent energy
+ lifetime, line width

¢ Multiexcitons under high fluence:
+ emission energy, lifetime
+ carrier-carrier interaction

—Theoretical approach(es)?

Sutherland and Sargent, Nature Photonics 10, 295-302 (2016)

Raino et al., Nature 563, 671-675 (2018)
Su et al., Nano Lett. 2017, 17, 3982-2988
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Tamarat et al., Nature Comm. 11, 6001 (2020)
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Perovskite cuboids and nanoplatelets
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Krieg et al., J. Am. Chem. Soc. 2019, 141,19839-19849
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Bertolotti et al., ACS Nano 2019, 13, 14294-14307
Becker et al., Nature 553, 189-193 (2018)



Perovskite cuboids and nanoplatelets = Pel.l.oC

b Cubic CsPbBr, perovskite

’
2

s \ N
X
) Effecti ses
: /
Cuboids Nanoplatelets - mh’ /\
2.5-15.0nm n-monolayer thick 0 Empirical models /\%Y
iSE & B FrAXzZM T A R S X S RTM
af v o ¢ Symmetry (shape) Position in the Brillouin zone
B 492 nm
E ¢ Screened Coulomb interaction
Z FWHM “ : TRT :
= 18 nm effective” dielectric constant €__
g
2

—] 300 400 500 600  70C
Wavelength (nm)

absorbance (nomralized, stacked)

N e o o= Kr?eg et al., J. Am. Chem..Soc. 2019, 141,19839-19849
Krieg et al., ACS Cent. Sci. 2021, 7, 135-144

Bertolotti et al., ACS Nano 2019, 13, 14294-14307
Becker et al., Nature 553, 189-193 (2018)

wavelength (nm)




Perovskite cuboids and nanoplatelets
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¢ Isotropic nanocrystals
L =L =L =L

0 Correlation effects (L>ay)
—binding energy E_ | for

ground state single exciton
a, — effective Bohr radius

Ry — exciton Rydberg

¢ Anisotropic effects
L. =L #L,
¢ Thickness:
Monolayer — several a,

OR . — effective radius




Perovskite cuboids and nanoplatelets
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Correlated excitonic systems = Pel.l.oC
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Correlated excitonic systems = Pel.l.oC

Spherical model "~ 600 Single-dot PL spectrum
. o at cryogenic T
Negative/positive trion Biexciton — [ ‘ X h
=
o © =) o S 20 -
®
@® @® © ® ® — .
7))
c 200 B 1.715 1716 1717 1718
. . gg N
120 | _ : L 1 xx

) Single-dot

g PL spectrum [§ 0

S 8ol cryogenic T Eveiten | Exciton 1.717 1.732 1.734

S fine-structure Energy (eV)

=

40 | . : :
*qé 1 Correlation ! Yin et al., PRL 119, 026401 (2017)
- i : effects ! Becker et al., Nature 553, 189-193 (2018)
P o 00 0 2 49 AW ae 0| 20000 memrmmsmomamssne Do et al., Nano Lett. 2020, 20, 5141-5148
0 B R AR . Shumway et al., PRB 63, 155316 (2001)
249 2 505 5 515 5 595 (beyond mean-field level)

Enerav (eV)



Second-order perturbation theory == Pe|.l.oC
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O Second-order level = lowest order correlation

Nguyen, Blundell, et al., PRB 101, 125424 (2020) — qualitative explanation
T. P. T. Nguyen, Phd Thesis 2020

Raino et al., ACS Nano, 10(2), 2485-2490 (2016) ¢ Higher-order correlation
Fu et al., Nano Lett. 17(5), 2895-2901 (2017) — more quantitative prediction
Nakahara et al., J. Phys. Chem. C 2018, 122, 38, 22188-22193



Conclusion and outlook = Pol.l.oC

Take home message
¢ Correlation contributions: exciton binding energy, fine structure

¢ Role of correlation in multiexcitonic systems
¢ Effect of shape anisotropy on single-exciton binding energy

Future directions
¢ More complete description of carrier-carrier interaction

(beyond second-order perturbation) 3
—biexciton, trions o5l I
' -7 - ‘HF level
o P : : ® —2"% MBPT

¢ Radiative lifetime of multi-carrier systems £ 2 oo
Nguyen, Blundell, et al., PRB 101, 195414 (2020) ; 15! A Fuetal ]
Raino et al., ACS Nano, 10(2), 2485-2490 (2016) g e Canneson et al
Fu et al., Nano Lett. 17(5), 2895-2901 (2017) 3 1 N |
Becker et al., Nature 553, 189-193 (2018) = '
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