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Materials and Chemicals: oleic acid (OA, analytically pure (AR), Aladdin), 

oleylamine (OAm, 80%-90%, Aladdin), 1-octadecene (ODE, 90%, Aladdin), cesium 

carbonate (Cs2CO3, 99.9%, Aladdin), isopropyl alcohol (C3H8O, 99.7%, KESHI), n-

hexane (C7H8, 97%, KESHI), toluene (C7H8, 99.5%, KESHI), 2-bromoacetophenone 

(98%, Aladdin), aluminium triacetylacetone (Al(acac)3, 98%, Aladdin), lead acetate 

trihydrate (Pb(CH3COO)2·3H2O, 99.99%, Aladdin), n-octane (C8H18, Sinopharm 

Chemical Reagent Co., Ltd), acetone (99.5%, KESHI). PEDOT:PSS solutions (Al4083 

CLEVIOS), PTAA (Xi’an Polymer Light Technology Corp), lithium fluoride (LiF, 

Luminescence Technology Corp.), 4,6-bis(3,5-di(pyridin-3-yl)phenyl)-2-

methylpyrimidine (B3PymPm, Luminescence Technology Corp.). All reagents were 

used as received without further purification.

LED Fabrication and Performance Test: Firstly, the indium tin oxide (ITO) 

patterned glasses were ultrasonic washed three times by deionized water, isopropyl 

alcohol and acetone, respectively. Afterwards, the substrate was dried under N2 and 

addressed by UV-ozone for 15 min. PEDOT:PSS was spin-coated onto the surface of 

ITO substrates at 4000 rpm for 50 s and heated at 140 °C for 20 min under ambient 

conditions. PTAA was dissolved in chlorobenzene (6 mg mL-1), instantly, the mixture 

above was spun onto the layer of PEDOT:PSS by spin-coater at 2000 rpm for 60 s and 

annealed at 120 °C for 20 min under N2. For constituting a perovskite NC emission 

layer,  CsPbBr3 NCs in octane (10 mg mL-1) were spin-coated onto the PTAA layer at 

1000 rpm for 60 s and baked at 60 °C for 5 min. Ultimately, under a high vacuum 

(~2×10-4 Pa), PO-T2T (40 nm) and LiF/Al electrodes (1 nm/100 nm) were deposited 

using a thermal evaporation system with a shadow mask. The active area of as-prepared 

device was 4 mm2. The working efficiency of as-prepared LED device was explored on 

Keithley 2400 Source Meter for the purpose of obtaining the current versus voltage 

characteristics. The luminescence characteristics of the device (the light flux of the 

silicon photodiode and the electroluminescence (EL) spectrum of the device) were 

obtained using a PR-670 spectroscopic sweep luminance meter and a Marine optical 

Jaz spectrometer, severally. Under the assumption that the emission of the LED 



presents a Lambert pattern, according to L-J-V and EL measurements, EQE used to 

characterize LED can be calculated. External quantum efficiency (ηEQE) is the ratio of 

the number of photons emitted from the LEDs to the number of charge carriers injected 

into the device, and it can be expressed as:
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where q is the electric charge, h is Planck’s constant, c is the speed of light, f is the 
geometry factor (representing the fraction of emitted photons reaching the detector), Idet 
is the photocurrent, A is the device area, and JD is the injection current density to LEDs. 
ηEQE can also be calculated from the luminous power efficiency, which is
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Power efficiency (ηPE) is defined as the ratio of the output luminous flux to the input 
power of LEDs. can be expressed as:
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where V is the applied voltage to LEDs, L is luminance.

Characterizations. 

The transmission electron microscope (TEM) was measured using Thermo fisher 

talos F200X G2 with an accelerating voltage of 120 kV. High resolution electron 

microscopy (HRTEM), mapping mode energy dispersive X-ray spectroscopy (EDS) 

and large angle circular dark field scanning electron microscopy (HAADF-STEM) 

were characterized on TALOS F200X transmission electron microscopy at 120 kV. X-

ray diffraction (XRD) pattern analysis was performed on a Miniflex 600 operating at 

Cu Kα radiation (λ=1.54178 Å). The scanning electron microscopy (SEM) was 

observed on a Apreo S HiVac at an acceleration voltage of 5 kV. X-ray photoelectron 

spectroscopy (XPS) of CsPbBr3 NCs deposited on silicon wafers was conducted with 

Thermo ESCALAB250 at a monochrome Al-KR radiation source (1486.7 eV). 

Ultraviolet absorption spectra (UV−vis) was demonstrated on PekinElmer by collecting 

CsPbBr3 NCs dispersed in n-hexane in a transmission mode. The PL spectra and PLQYs 



were carried out on a Hamamatsu(C11347) absolute PLQY spectrometer by 

photoexcitation of octane suspension in a quartz colorimetric dish at a wavelength of 

365 nm. Using Nicolet iS50 FT-IR with KBr pellet acquired the FTIR spectra. 1H 

nuclear magnetic resonance (1H NMR) was detected by JNM-ECZ400S. 5 mg of 

CsPbBr3 NCs powder was dissolved in deuterium chloroform (CDCl3) for sample 

preparation.

Figure S1. Normalized UV-vis absorption spectra of pristine and Al(acac)3-NCs with 

different amount of Al(acac)3 in toluene.



   

Figure S2. The band gap of pristine NCs and Al(acac)3-NCs with different amount of 

Al(acac)3 in toluene.

Figure S3. Particle size distribution histograms of the (a) pristine NCs and (b) 
Al(acac)3-NCs.



Figure S4. Full width at half-maximum (fwhm) of pristine NCs and Al(acac)3-NCs.

Figure S5. Magnified 1H liquid-state NMR spectra of Al(acac)3 ligand, pristine, and 
Al(acac)3-NCs.



Figure S6. Magnified 1H liquid-state NMR spectra of Al(acac)3 ligand, pristine, and 
Al(acac)3-NCs.

Figure S7. Survey XPS spectra of pristine and Al(acac)3-NCs.



Figure S8. The high-resolution XPS spectra of Br 3d of pristine and Al(acac)3-NCs.

Figure S9. The atomic ratio of X/Pb measured by XPS for pristine and Al(acac)3-NCs.



Figure S10. AFM image of Al(acac)3-NC film. The scale bar represents 1 μm.

Figure S11. (a) PL intensity of CsPbBr3 NCs and NCs treated by Al(acac)3 as well as 
Ca(acac)2. Inset: From left to right, the pictures of pristine NCs, Al(acac)3-NCs, and 
Ca(acac)2-NCs. (b) Relative PL changes with time for CsPbBr3 NCs treated by 
Al(acac)3 and Ca(acac)2.



Figure S12. Photograph of Al(acac)3 and Ca(acac)2 dissolved in toluene. Al(acac)3 
ligand can dissolve well in toluene and Ca(acac)2 ligand cannot be completely 
dissolved.

Figure S13. Energy-level diagram of the LED device structure.



Figure S14. The corresponding Commission Internationale de l’Eclairage (CIE) 
coordinate of the fabricated LEDs by Al(acac)3-NC films.

Figure S15. Histogram of maximum EQEs of LED based on (a) pristine NC films and 
(b) Al(acac)3-NC films.



Supplementary Tables

Table S1. PLQY summary of green perovskite NC and films.

Material
PLQY of 
NCs (%)

PLQY of NC 
films (%)

PLQY of 
films (%) Reference

CsPbBr3 
NCs 93.5 88 - This work

CsPbBr3 NCs 85 68 - 1

CsPbBr3 NCs 95 48 - 2

CsPbBr3 QDs 100 52 - 3
CsPbBr3 NCs 83 95 - 4

MAPbBr3 NCs 90 48 - 5
CsPbBr3 QDs 80 52 - 6
CsPbBr3 NCs 75 65 - 7

CsPbBr3/CsPb2Br5 NCs 54 39 - 8
FA/ CsPbBr3 QDs 90 61 - 9

CsPbBr3 QDs - 85.2 - 10
PEA2 (CsPbBr3) n-1 PbBr4 film - - - 11

CsPbBr3/ETPTA film - - 90.02 12

CsPbBr3 film - - 54 13

CsPbBr3 film - - 73.6 14

CsPbBr3 film - - 30 15
(BA)2(MA)3(Pb)4(Br)13 film - - 60.9 16

Table S2. The fitting of the PL decay lifetime for pristine CsPbBr3 and Al(acac)3- 
CsPbBr3 NC films.a

Sample τ1 τ2 τave

Pristine NC 13.20±0.46 (81%)  86.43±1.57 (19%) 26.82±1.63
Al(acac)3-NC 16.16±0.61 (86%) 122.45±3.12 (14%) 30.59±3.18

a The PL was excited at 405 nm and monitored at the maximum emission peak. The 
average PL lifetimes (avg) were obtained by avg = (A1 ×1 

2 + A2 ×2 2)/(A1 ×1 + A2 
×2), where A1 and A2 stand for the statistical weights of the corresponding lifetime 
components (given in the parentheses).



Table S3. Performance summary of recently reported green perovskite NC LEDs.

Device performance Parameters
Perovskite
Material

Device structure
EL 

(nm)
FWHM 

(nm)
Turn-on 

Voltage (V)

Ref.

CsPbBr3 NCs
ITO/PEDOT:PSS/PTAA/LiF/ 

CsPbBr3 NCs/B3PymPm/LiF/Al
517 16.8 ＜2.0 Our 

work

CsPbBr3 NCs
ITO/PEDOT:PSS/PTAA/LiF/ 

CsPbBr3PNCs/B3PymPm/LiF/Al
521 16.4 2.4 1

CsPbBr3 QDs FTO/SnO2/QDs/ZnO/Ag 520 21 2.8 3

FA/CsPbBr3 
QDs

ITO/PEDOT:PSS/PTAA/QDs 
/TBPi/LiF/Al

515 18 - 9

CsPbBr
3
 NCs ITO/m-PEDOT:PSS/Perovskite

/ETPTA/LiF/ Al
508 20 - 12

CsPbBr
3
 NCs ITO/HTL/Perovskite/TPBi/LiF/Al 513 18 2.3 13

CsPbBr3 QDs
ITO/PEDOT:PSS/PTAA/ 

CsPbBr3PNCs/TPBi/LiF/Al
~504 20 2.4 17

CsPbBr3 NCs
ITO/PEDOT:PSS/PTAA/ CsPbBr3

PNCs/TPBi/LiF/Al
518 ~18 - 18

FAPbBr3 NCs
ITO/PEDOT:PSS/poly-TPD/TBB/ 

Perovskite/TPBi/LiF/Al
531 ~21 2.6 19
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