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Figure S1. Scheme of anion-exchange and purification processes of perovskite QDs.
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Figure S2. Images of washing solvents with different dielectric constants: butanol (¢ = 17.1) and
ethyl acetate (¢ = 6.02). The ester solvent ethyl acetate is used as the washing solvent to remove

impurities and prevent anion defects in the perovskite QDs.
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Figure S3. 'H NMR spectra of (a) pristine CsPbBr; perovskite QDs, (b) OAM-I-based
anion-exchange perovskite QDs, (c) An-HI-based anion-exchange perovskite QDs, and (d) alkene

resonance signals of OA or OAM.
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Figure S4. TGA curves of pristine CsPbBr; perovskite QDs and OAM-I-based and An-HI-based

anion-exchange perovskite QDs.
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Figure S5. Size histograms of (a) pristine CsPbBry; perovskite QDs, (b) OAM-I-based
anion-exchange perovskite QDs, and (c) An-HI-based anion-exchange perovskite QDs. Average

size of the perovskite QDs was determined by counting more than 200 QDs from TEM images.
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Figure S6. XRD profiles of (a) pristine CsPbBr; perovskite QDs, (b) OAM-I-based anion-exchange

perovskite QDs, and (c) An-HI-based anion-exchange perovskite QDs.
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Figure S7. PL decay curves of pristine CsPbBr; perovskite QDs and OAM-I-based and

An-HI-based anion-exchange perovskite QDs: (a) film and (b) solution in toluene.
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Figure S8. UPS spectra of pristine CsPbBr; perovskite QDs and OAM-I-based and An-HI-based

anion-exchange perovskite QDs: (a) cut-off region and (b) band-edge region.
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Figure S9. Current density dependence of EL spectra: (a) OAM-I-based anion-exchange perovskite

QD LED and (b) An-HI-based anion-exchange perovskite QD LED. No emissions were observed

from the neighboring poly-TPD and TPBi layers, indicating that the injected holes and electrons

recombined at the anion-exchange red perovskite QDs.
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Figure S10. Commission Internationale de 1'Eclairage (CIE) colour coordinates of perovskite QD
LEDs. Black line indicates BT.2020 colour gamut.
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Figure S11. (a) Angular distribution of emission pattern, and EL spectra of (b) OAM-I-based
anion-exchange perovskite QD LEDs and (cc) An-HI-based anion-exchange perovskite QD LEDs.
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Figure S12. External quantum efficiency (EQE) histograms (28 devices) of (a) OAM-I-based
anion-exchange perovskite QD LEDs and (b) An-HI-based anion-exchange perovskite QD LEDs.
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Figure S13. EQE values of recently reported perovskite-based LEDs.
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Figure S14. (a) Current efficiencies and (b) power efficiencies of pristine perovskite QD LEDs and
OAM-I- and An-HI-based anion-exchange perovskite QD LEDs.
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Figure S15. Current density—voltage curves and SCLC fitting of the hole-only device with (a)
An-HI-based and (b) OAM-I based perovskite QD films.
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Figure S16. Calculated hole mobility at different electric fields, zero-field mobility, and
field-dependent mobility.
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Figure S17. EL spectra during operational lifetime test at constant current density of 1.25 mA cm™:
(a) OAM-I-based anion-exchange perovskite QD LEDs and (b) An-HI-based anion-exchange
perovskite QD LEDs.
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Figure S18. PL spectra of pristine (unannealed) and annealed QD samples for different annealing
temperatures (50 °C and 100 °C ): (a) OAM-I-based anion-exchange perovskite QD film and (b)
An-HI-based anion-exchange perovskite QD film.
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Table. S1 Summary of photophysical characteristics of perovskite QDs.

XPS PL peak (nm) PLQY (%) Ty (NS)
Sample VB (eV) CB (eV) Eg (eV)
Composition ~ Solution/Film  Solution/Film  Solution/Film
pristine CsPbBr, 54 509/510 38/15 8.2/4.7 6.1 3.7 2.38
An-HI CsPbBry ¢l 49 640/642 69/21 27.7/8.9 5.7 3.8 1.88
OAM-1I CsPbBrj 1,1, 3 649/650 80/26 28.1/9.2 55 3.6 1.85
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Table. S2 Performance summary of recently reported perovskite (bulk, QD, and 2D)-based LEDs

EL wavelength ~ Turn on voltage Peak EQE
Reference Publication date Types Emission layer
(nm) (%) (%)
[1] 2014/8 Bulk CH;NH;PbBr; 524 33 0.1
[2] 2014/11 Bulk CH;NH;PbBr; 543 ~4 0.125
[3] 2015/4 Bulk CH;NH;PbI; Cl, 768 22 35
[4] 2015/10 QD CsPb(B1/1); 586 4.6 0.09
[5] 2015/11 2D CH;NH;PbBr; 530 3.8 0.48
[6] 2015/12 Bulk CH;NH;PbBr; 540 32 8.53
[7] 2015/12 QD CH;NH;PbBr; 521 29 1.1
[8] 2016/1 QD CsPbBr; 516 35 0.06
[9] 2016/3 QD CsPbl; with OA,OAm,TMA 698 22 5.7
[10] 2016/4 QD CsPbBr;- CsPb,Br; 527 4.6 221
[11] 2016/6 2D PEA,MA, Pb Br;, ., ~760 4 8.8
[12] 2016/8 QD CsPbBr;-DDAB 515 30 30
[13] 2016/9 2D NMA,FAPb,IBr 685 1.3 11.7
[14] 2016/10 QD CsPb(B1/T); 648 1.9 6.3
[15] 2016/11 QD CsPbBr; 512 34 6.27
[16] 2017/1 Bulk BAIL:MAPbI, 748 3 104
[17] 2017/2 Bulk Cs1o(MA, 17FA 58)(100PbBrg 3310 67 750 2.8 9.23
[18] 2017/3 Bulk MAPbBBr; ~538 - 821
[19] 2017/4 2D NCPI,C1 688 20 3.7
[20] 2017/5 QD CsPbBr; 512 2.7 8.73
[21] 2017/5 2D PEA,(MA),_Pb,L;,,, 526 - 74
[22] 2017/6 QD CH;NH;PbBr; ~520 33 5.09
[23] 2017/6 Bulk Csyg;MA, ;PbBr; 520 29 10.4
[24] 2017/9 Bulk MAPbBBr; 529 - 7.26
[25] 2017/12 QD CsPbl; 688 45 5.02
[26] 2018/1 QD CsPbBr; 516 2.8 6.5
[27] 2018/2 2D PEA,(FAPbBT;),_,PbBr, 532 - 144
[28] 2018/2 QD CsPbBr; 516 - 25
This work QD CsPb(Br/I); with An-HI 645 2.6 14.1
This work QD CsPb(Br/1); with OAM-I 653 2.8 21.3
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Table. S3 Summary of perovskite QD LED characteristics.

vV (V) PE (Im W) CE (cd A™) EQE (%) Lambertian
Device Peak EL (nm)
1/100 ¢cd m™ 100 cd m?/peak 100 cd m*/peak 100 cd m*/peak factor
pristine 511 43/6.2 0.44/0.44 0.87/0.89 0.55/0.56 --
An-HI 645 2.7/4.5 2.8/12.9 42/11.6 5.1/14.1 091
OAM-I 653 2.8/4.6 49/11.6 7.3/10.6 14.6/21.3 0.92
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