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Experimental Section

Chemicals and Reagents: Cesium carbonate (Cs2COs, Aladdin, 99.9%), lead iodide
(Pbl>, Youxuan, 99.9%), lead oxide (PbO, Aladdin, 99.9%), iodotrimethylsilane (TMSI,
Aladdin, 97%), guanidinium iodide (GAI, yuriguangneng 99.5%), oleic acid (OA, Alfa-
Aesar, 90%), oleylamine (OAm, Aladdin, 90%), 1-octadecene (ODE, Sigma-Aldrich,
90%), n-octane (Aladdin, 98%), methyl acetate (Aladdin, 99%). All these reagents were
used without further purification.

Preparation of Cs2CO3-OA Precursor

The precursor for synthesizing CsPbls QDs is cesium oleate (CsOL). 10 mL of ODE,
1.4 ml of OA, and 204 mg of Cs>2CO3; were added to 150 mL of the three-neck flask.
The mixture was degassed under stirring and then vacuum-stirred at 100°C for 1 hour
until Cs2CO; completely dissolved. Nitrogen gas was then introduced into the flask and
the system was degassed for 20 min. This process was repeated three times to obtain a
cesium-oleate solution that was free from any traces of water and oxygen. The cesium-
oleate solution was maintained at approximately 100°C until it was used for QD
synthesis.

Preparations of Control-QDs

10 mL of ODE and 173 mg of Pbl, were mixed in a 150 mL three-neck flask. The
mixture was stirred under vacuum conditions at 120°C for 1 hour. Then, 1 mL OA and
I mL OAm solutions were sequentially added to the mixture. The temperature was
raised to 160-165°C under a nitrogen environment. Once all the solutes in the mixture
were completely dissolved, 0.8 mL of CsOL solution was injected. The flask was
rapidly transferred to an ice-water bath and cooled to room temperature. Then the
mixture was transferred to a 100 mL centrifuge tube. 40 mL of methyl acetate was added
to the centrifuge tube, followed by centrifugation at a speed of 8000 rpm for 5 min. The
precipitate was collected from the centrifuge tube and dispersed in 1 mL of n-octane
for use in PeLED fabrication.

Preparations of PbO-OA precursor

10 mL of ODE, 6 mL of OA, and 388 mg of PbO were mixed and added to a 150 mL
three-neck flask. The mixture was stirred under vacuum conditions at 100°C for 1 hour,
then heated until PbO completely dissolved. Nitrogen gas was put into the flask and the
system was degassed for 20 min. This process was repeated three times to obtain a
precursor solution that was free from any traces of water and oxygen. The solution was
maintained at approximately 100°C until it was used for QD synthesis.

Preparations of I rich-QDs

8 mL of ODE and 1.5 mL of OAm were mixed and added to a 150 mL three-neck flask.
The mixture was stirred under vacuum conditions at 100°C for 1 hour. In a nitrogen
environment, the temperature was raised to 160-165°C, and then 3.2 mL of lead oleate
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precursor solution, 1 mL of CsOL solution, and 0.3 mL of TMSI were added to the
mixture. The flask was rapidly transferred to an ice-water bath and cooled to room
temperature. The mixture was then transferred to a 100 mL centrifuge tube. 40 mL of
methyl acetate was added to the centrifuge tube, followed by centrifugation at a speed
of 10,000 rpm for 5 min. The precipitate was collected from the centrifuge tube and
dispersed in 2 mL of n-octane for use in PeLED fabrication.

Purification of I rich-QDs and preparations of GAI-QDs

15 mg of GAI powder was accurately weighed and added to the purified I rich-QDs
solution. The mixture was stirred at a speed of 3000 rpm for one minute. Afterwards,
the solution was transferred to a 5 mL centrifuge tube and centrifuged at 5000 rpm for
5 min. The liquid was collected from the centrifuge tube, resulting in the formation of
GAI-QDs.

Characterization of CsPbl3 QDs

Steady-state PL emission was acquired by an F-380 spectrometer. Steady-state
ultraviolet-visible (UV-vis) absorption was measured utilizing a Perkin Elmer Lambda
1050+ UV spectrophotometer. An Oxford Instruments Optistat-DN was measured
temperature-dependent PL spectra in the range 80-220 K. Transmission electron
microscopy (TEM) images were acquired on a JEM-2100 (JEOL) operated at 200 kV.
The photoluminescence quantum yields (PLQY) were obtained using an integrating
sphere (Edinburgh, FLS920) with an excitation wavelength of 530 nm. The time-
resolved photoluminescence decay spectra of QDs were acquired by coupling a Horiba
Fluorolog spectrophotometer with a 375 nm, 45ps pulsed laser and a time-corrected
single-photon counting system. The TA of the sample was measured using a 1030 nm
femtosecond laser as the probing light source, which was generated through an optical
parametric amplifier (OPA) to obtain a 420 nm excitation light, through Ultrafast
Transient Absorption Spectrometer (TIME-TECH SPECTRA, Co., Ltd. TA-ONE-1).
The corresponding transient absorption spectra and the lifetimes of the transient
absorption were determined. X-ray diffraction (XRD) was performed using Cu Ka
radiation (A = 1.5418 A) on an X-ray diffractometer (Bruker, D8 Focus). X-ray
photoelectron spectroscopy (XPS) was recorded on a PHI 5000 Versa Probe III
spectrometer using a monochromatic AlKa radiation source (1486.6 eV). The time-
resolved PL decays (FTIR) of QDs were obtained using a Horiba Fluor log spectrometer
with a 375 nm, 45ps pulsed laser and a time-corrected single photon counting system.

Density Functional Theory Calculations

All calculations based on Density Functional Theory (DFT) were performed with the
Perdew-Burke-Ernzerhof (PBE) density functional using the generalized gradient
approximation (GGA) in the Vienna Ab initio Simulation Package (VASP). Geometry
optimizations were carried out for ion-electron interactions using the Projection
Augmented Wave (PAW) method. All atomic positions and lattice constants were fully
relaxed until the atomic forces were less than 0.02 eV A'l. The total energies of all
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structures were converged to 10 eV. A plane-wave cutoff energy of 400 eV was used
for the expansion. Electronic structure calculations were performed using an 8 x 8 x 1
Monkhorst-Pack k-point mesh sampling.

Fabrication of PeLEDs devices

ITO-coated glass substrates were cleaned using a sequential process involving detergent,
deionized water, ethanol, acetone, and isopropanol, followed by Plasma treatment for
15 min. After UV-ozone treatment, the hole transport layer of PEDOT:PSS was spin-
coated at 4000 rpm for 40 s. Subsequently, poly-TPD (8 mg/mL in chlorobenzene) was
spin-coated at 2000 rpm for 40 s in a N>-filled glove box, followed by thermal annealing
at 140 °C for 15 min. A drop of QDs solution was spin-coated onto the poly-TPD layer
at 2000 rpm for 40 s, to fully cover the underneath layer. In a high vacuum (~1 X10-5
Pa), TPBi (45 nm), LiF (1 nm), and Al (70 nm) were deposited by thermal evaporation.
The active area of the LED was 4 mm?.

The calculation of the tolerance factor

Generally, for ABX3 perovskite, the most commonly employed method for comparing
structural stability is through the Goldschmidt tolerance factor (t), defined as t = (14 +

r¢)/N2(rg + 1¢)'2. In this formula, 4 represents the ionic radius of the cation, rz

represents the metallic cation, and rx represents the halide. With ionic radius of 174 pm
for Cs, 98 pm for Pb, and 220 pm for I, calculations reveal that the tolerance factor for
CsPbl; is approximately 0.9. Generally, a tolerance factor between 0.8 and 1 indicates
an unstable structure that cannot maintain a cubic perovskite configuration at room
temperature, leading to the formation of the non-photoactive 6-phase. To address this,
proposes a strategy involving the incorporation of GAI to achieve A-site cation
substitution. The larger ionic radius of GA™ compared to Cs" effectively increases the
tolerance factor. Calculations indicate that the tolerance factor of GAPbI3 can reach
approximately 1.5 in extreme cases. Therefore, incorporating a fraction of GA into the
material leads to a notable increase in the tolerance factor, significantly enhancing its
structural stability.
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Figure S1. TEM images reflecting the lattice distortion phenomenon: a) Control-QDs,
b) I rich-QDs, ¢) Purified-QDs after purification, d) GAI-QDs, magnified images of e)
Control-QDs, f) I rich-QDs, g) Purified-QDs, h) GAI-QDs. The UV-visible absorption
and PL spectra of i) Purified-QDs.

Comparison of TEM images for every sample reveals that Control-QDs exhibit severe
lattice distortion, while I rich-QDs show minimal lattice adhesion with only minor
changes due to ligand detachment. The lattice distortion is highlighted in the figure with
yellow lines, lattice adhesion is circled by a reddish-orange circle. I rich-QDs after
purification are named as Purified-QDs. It is evident that Purified-QDs exhibit lattice
distortion, and their optical properties have significantly degraded. This indicates that
the purification process can cause damage to the samples. In contrast, GAI-QDs do not
exhibit lattice distortion. This indicates that GAI possesses the ability to repair lattice
distortion, significantly enhancing the stability and optical properties of the samples.
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Figure S2. The STEM-HAADF images and EDS mapping of the a) Control-QDs (Pb:I
=1.2:2.1), b) I rich-QDs (Pb:I = 1.1:3.4), ¢) Purified-QDs (Pb:1 =1.2:2.9), d) GAI-QDs
(Pb:I=1.1:3.5).
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Figure S3. The formation kinetics of the PB band of the a) Control-QDs, b) I rich-QDs,
¢) GAI-QDs as a function of the excitation wavelength. The excitation energy
approaches the bandgap, the ground-state bleach signal appears quickly without a
prominent rising component. Excitation energies significantly higher than the bandgap
does a distinct rising component appear during the ground-state bleach signal.

As is shown in Figure S3, the larger excitation wavelength, the lower corresponding
excitation energy. When the excitation energy approaches the bandgap, the ground-state
bleach signal appears quickly without a prominent rising component. Only at excitation
energies significantly higher than the bandgap does a distinct rising component appear
during the ground-state bleach signal, corresponding to the relaxation process of hot
charge carriers!!). Therefore, an excitation wavelength of 420 nm is chosen to
investigate the relaxation process.
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Figure S4. Pseudo color TA plot of a) Purified-QDs. b) TA bleach recovery curves of
Purified-QDs. The TA spectra of ¢) Purified-QDs. d) The comparison of the formation
and decay kinetics of PB and PA2 bands.
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Figure SS5. a) Temperature-dependent spectra of Control-QDs, b) integrated PL
intensity for Control-QDs. ¢) A bleach recovery kinetics of Control-QDs.
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Figure S6. The electronic charge density and distribution of two additional electrons in
the vicinity of the valence band (highlighted in yellow) under an external electric field
are calculated using Density Functional Theory (DFT) for different ligands. Charge
distribution on the (001) surfaces for: a) OA-GA ligand, b) OA-OAm ligand. Charge
distribution on the (110) surfaces for: ¢) OA, d) OAm, e) GA, f) GA ligand replacing a
portion of Cs.

Differences in the local charge density resulting from the interaction between OA, OAm,
and GA™ with the QDs surface can be observed in Figure S6. The charge transfer
between the ligands and QDs demonstrates the strength of the interaction, with blue
and yellow regions indicating charge depletion and yellow indicating charge
accumulation. On surfaces containing OA and OAm, the charge density is relatively
low, while on surfaces containing GA™, a significant charge concentration around GA™
can be observed. This phenomenon indicates that GA™ can be seen as an effective
electron acceptor, attracting and aggregating charges around it, significantly reducing
carrier clustering and suppressing Auger recombination.
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Figure S7. Urbach energies for a) Control-QDs, b) I rich-QDs, ¢) GAI-QDs.

A comparison of Ey of the three samples reveals that the Ey values for Control-QDs, I
rich-QDs, and GAI-QDs are 161.3, 64.1, and 43.7 meV. This indicates that Control-
QDs exhibit the highest density of trap states than other QDs at the material surface.
This observation further corroborates the improved coordination environment of Pb

ions on the surface of GAI-QDs.
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Figure S8. Pb 4f XPS spectra of I rich-QDs, Purified-QDs after Ar ion etching,
Purified-QDs without Ar ion etching and GAI-QDs.

Figure S8 presents a comparative XPS analysis of I rich-QDs, and the depth-resolved
XPS measurements of Purified-QDs. We can measure the XPS signal of different depth
in QDs based on the Ar ion etching. The Purified-QDs without etching show the surface
information of Purified QDs and the Purified-QDs after etching show the inner
chemical bond information of Purified-QDs. Comparison of the Pb 4f energy levels
reveals that the core level peaks of the Purified-QDs with etching are similar with those
of the I rich-QDs, both located at 138.1 eV and 143.2 eV. This indicates a low density
of vacancy defects and similar coordination environment around the Pb ions in both
QDs. However, the Pb 4f core level peaks of the Purified-QDs surface are located at
lower binding energies than those of the Purified-QDs inner and the I rich-QDs. This
shows a weaker Pb—I interaction in the Pbl¢*~ octahedra of the Purified-QDs, which is
attributed to the increased density of vacancy defects on the QDs surface during the
purification. Therefore, we can conclude that the defects in the purified Purified-QDs
are primarily located at the surface. The primary purpose of the subsequent GAI
treatment is used to repair the surface lattice of the QDs. Figure S8 clearly shows that
after GAI treatment, the Pb 4f energy level peaks of the GAI-QDs shifted to higher
binding energies, removing to 138.2 eV and 143.4 e¢V. This indicates effective repair
of surface defects in the QDs via GAI treatment, and a significant improvement in the
coordination environment of the Pb ions.
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Figure S9. The spectral stability of a) Control-QDs, b) I rich-QDs, and ¢) GAI-QDs

are verified through prolonged UV light irradiation in a dark environment, with testing
conducted every 30 min.
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Figure S10. The PL spectrum stability of a) Control-QDs, b) I rich-QDs, and ¢) GAI-
QDs are tested over a period of half a month at room temperature, stored in a dark
environment, with testing conducted every two days. XRD comparison of d) Control-
QDs, e) I rich-QDs, and f) GAI-QDs before and after storage for five days. g)
Comparison of the luminescence properties of the three samples before and after
storage for five days.

Figure S10 a-c present a comparison of the PL spectrum stability of three samples at
room temperature. Control-QDs exhibit the poorest stability. While I rich-QDs
demonstrate significantly improved stability, I rich-QDs are still unable to maintain
luminescence for more than two weeks. GAI-QDs exhibit the best stability, retaining
normal luminescence even after two weeks. As shown in Figure S9 d-f, after a period
of time, Control-QDs exhibit numerous orthorhombic phase peaks due to phase
transformation, while I rich-QDs also show a small number of impurity peaks. In
contrast, GAI-QDs do not exhibit any changes. As shown in Figure S9 g, from left to
right, the three samples are Control-QDs, I rich-QDs, and GAI-QDs. After being stored
for five days, the precipitate observed at the bottom of the Control-QDs solution, which
turns yellow upon further dissolution in n-octane, indicates that Control-QDs transform
to the non-luminescent 6 orthorhombic phase. I rich-QDs shows a slight fading in color,
while GAI-QDs remains largely unchanged. This demonstrates that GAI-QDs possess
the best stability among the three.
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Figure S11. Differential charge density distributions of a) OA-OAm, b) OA-GA
interactions.

In Figure S11, the overlap between the Cs, Pb, and I orbitals of the QDs and the C, H,
and N orbitals of the organic ligands implies potential orbital hybridization between the
ligands and QDs, leading to energy overlap. Conversely, the absence of overlap
indicates that the band-edge characteristics are determined solely by the QDs or ligands.
Compared to the attachment of OA and OAm ligands, the density of state overlap
between GA" and the OA ligand and QDs increases in the energy range from -6 to -3
eV. This suggests a stronger interaction between GA™ and the OA ligand and QDs than
between the OA and OAm ligands. Furthermore, these overlap regions between the
ligands and QDs are located within the bandgap, indicating that these ligands do not
directly affect the optical properties of the QDs but rather influence the optoelectronic
properties after surface modification. Based on the theoretical and experimental results,
we conclude that replacing OAm with GA™ can significantly reduce the defect density,
improve structural stability, suppress Auger recombination, and greatly enhance the
relaxation time.



WILEY-VCH

t;-.\
E .2 10°
a - Control-QDs b 61— controlaps =] &
=) 10° £
& |EL=685 nm 3
£ |FWHM=38.1 nm 10?3
2] Q
s 10§
2
= £
_, 10° €
w i
10"
400 500 600 700 800
Wavelength (nm) Voltage (V)
c d
~——" Control-QDs &_"100f — Control-QDs
£ |
=14.1° B 9L\ 1. 252.2 min @ 100 cdim?
10 EQE,_,=14.1% 8 _ | \Ts=522 min @100 cd/m
o
?‘ ~ 80 ha™
= o
g % 70
w £ 60
£
S 50
1 s ; - %
0 400 800 1200 0 10 20 30 40 50 60 70 80
Luminance (cd/m?) Time (min)

Figure S12. a) EL spectra of PeLEDs based on Control-QDs. b) J-V-L curves of
PeLEDs based on Control-QDs. ¢) EQE-L curves of PeLEDs based on Control-QDs.
d) Operational half-lifetime Tso of PeLEDs based on Control-QDs at an initial
luminance of 100 cd/m?.
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Figure S13. The EL spectra of devices prepared using a) Control-QDs, b) I rich-QDs,
and ¢) GAI-QDs at different operating voltages of 1-5V.

The stability of the EL operating voltages for the three types of QDs is compared
(Figure S13). It is evident that as the operating voltage increases, GAI-QDs only
exhibit ared shift of 1 nm, I rich-QDs show a red shift of 6 nm, and Control-QDs exhibit
a red shift of 9 nm. Among them, Control-QDs show the poorest working stability,
while GAI-QDs demonstrate the best working stability.
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Figure S14. A performance comparison of PeLEDs device with red emission: a) EQE,
b) Tso.
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after continuous operation for 10 min at room temperature (10 °C) and 5 V applied
voltage for a) PeLEDs based on Control-QDs, b) I rich-QDs, and ¢) GAI-QDs.

Auger recombination proceeds primarily through three pathways: intradot biexciton
Auger recombination, trap-assisted Auger recombination and diffusion-assisted Auger
recombination!!!. Intradot biexciton Auger recombination occurs when two excitons
are generated within a single QDs. One exciton non-radiatively transfers its energy to
the remaining carrier, predominantly dissipating this energy as heat. Device heating
during operation significantly impacts device stability!!®!8/ At same or higher
brightness, stronger Auger recombination can lead to increased heat accumulation and
induce phase transitions in QDs, thereby affecting the performance of PeLEDs. This
pathway of Auger recombination therefore impacts device operational stability at high
brightness. Trap-assisted Auger recombination involves the trapping of charge carriers
at surface defects of the QDs, facilitating energy transfer to another band-edge carrier.
This energy transfer process significantly impacts the EQE of PeLEDs. In diffusion-
assisted Auger recombination, the charge carrier concentration within the QDs
increases via diffusion!!”). Higher charge carrier concentrations and charge-carrier
mobility leads to a greater probability of Auger recombination. During PeLEDs
operation, the charge carrier mobility increases under the influence of the applied
electric field. Electrical excitation itself is a form of high-density excitation, which can
lead to the accumulation of carriers, resulting in limited maximum brightness under
high current density conditions for the device. Additionally, at high brightness levels,
the efficiency drops, causing thermal accumulation that undermines the stability of the
device. Consequently, Auger recombination is readily promoted in operating PeLEDs,
leading to efficiency roll-off at high brightness. In summary, regardless of the pathway,
Auger recombination significantly reduces the EQE, operational stability, and lifetime
of the device!?",

As shown in Figure S15, operating continuously for 10 min under room temperature
and a working voltage of 5 V, the temperature of the PeLEDs based on Control-QDs
reach 31.3 °C, the PeLEDs based on I rich-QDs exhibit a slightly lower temperature of
28.6 °C, while the PeLEDs based on GAI-QDs show a lowest temperature of only
19.5 °C. For PeLED:s, the length of the surface ligands on the QDs, defect density, and
Auger recombination all contribute to device heating. Compared to PeLEDs based on
Control-QDs, the temperature of PeLEDs based on I rich-QDs show a slight decrease,
primarily attribute to the reduced defect density in the I rich-QDs. However, this
decrease is only 2.5 °C, indicating that a reduction in defect density alone is insufficient
to effectively relief PeLEDs heating. Compared to PeLEDs based on I rich-QDs, the
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temperature of PeLEDs based on GAI-QDs reduce to 19.5 °C. This is mainly because
the introduction of GAI in GAI-QDs significantly inhibits phonon coupling compared
to I rich-QDs, reducing the thermal loss caused by intradot biexciton Auger
recombination. Additionally, GAI passivates surface defects, minimizing the
generation of trap-assisted Auger recombination. Comparative analysis clearly
demonstrates that Auger recombination exerts a significantly greater influence on the
operating temperature of PeLEDs.
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Table S1. Concentration of different elements in Control-QDs, I rich-QDs, GAI-QDs
calculated from the EDS mapping.

Sample Code Element Atomic Fraction (%) Cs/Pb/1
Cs 23.3

Control-QDs Pb 28.3 1:1.2:2.1
I 48.4
Cs 18.3

I rich-QDs Pb 20.1 1:1.1:3.4
I 61.6
Cs 18.1

Purified-QDs Pb 21.0 1:1.2:2.9
I 60.9
Cs 17.8

GAI-QDs Pb 20.1 1:1.1:3.5

I 62.1
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Table S2. Summary of TA spectra fitting parameters for Control-QDs, I rich-QDs,
Purified-QDs, GAI-QDs.

Sample Code f1 [%] 71 [ps] f2[%] 72 [ps] 7 [ps]
Control-QDs 13.9 83.0 86.1 1148.5 1000.7
I rich-QDs 9.8 954 90.2 1558.1 1414.6
Purified-QDs 13.0 160.0 87.0 1493.5 1320.2
GAI-QDs 8.6 167.9 91.4 2777.7 2552.9

As shown in Table 2, the ratio of 71 of Control-QDs, I rich-QDs, Purified-QDs and GAI-
QDs are 13.9%, 9.8%, 13.0% and 8.6%. The t of Control-QDs, I rich-QDs, Purified-
QDs and GAI-QDs are 1000.7 ps, 1414.6 ps, 1320.2 ps and 2552.9 ps. The significantly
longest T of GAI-QDs compared to the other samples suggests that the Auger
recombination process is minimal in GAI-QDs, indicating a lower defect density.
Control-QDs exhibit the most severe Auger recombination, resulting in the shortest
lifetime. The halogen-rich environment employed in the fabrication of I rich-QDs
effectively suppressed Auger recombination. However, comparison with Purified-QDs,
demonstrates that the purification process introduces amounts of I vacancies, it has a
detrimental effect on lifetime and induces more serious Auger recombination. To
address this issue, GAI is used to optimize. The resulting GAI-QDs exhibit a
significantly longer t, indicating minimal Auger recombination and a lower defect
density.
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Table S3. Summary of TA spectra fitting parameters for solutions of I rich-QDs, GAI-
QDs under the pulse energy density of 20 mW.

Sample £11%] t: [ps] £ [%] t [ps]
I rich-QDs 24.5 22.8 75.5 158.1

GAI-QDs 6.9 73.4 93.1 557.1
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Table S4. Summary of TA spectra fitting parameters for solutions of I rich-QDs, GAI-
QDs under the pulse energy density of 4 mW.

1
Sample fi[%] t [ps] (%] t2 [ps]
I'rich-QDs 100.0 144.0 / /
GAI-QDs 100.0 192.1 / /

Further analysis of the changes in bleaching recovery dynamics curves in the two states
reveals normalized data for I rich-QDs and GAI-QDs at different power levels, as
shown in Tables S3 and S4. At a low power of 4 mW, the bleaching recovery dynamics
of I rich-QDs and GAI-QDs exhibit single exponential decay. The decay lifetimes for I
rich-QDs and GAI-QDs are 143.99 ps and 192.07 ps Relatively, the single exciton
fitting lifetime of GAI-QDs has been improved to some extent. At a high power of 20
mW, two lifetime components are observed. The fast decay components for I rich-QDs
and GAI-QDs are 22.81 ps (24.5%) and 73.36 ps (6.9%). The slow decay components
are 158.06 ps (75.5%) for I rich-QDs and 557.11 ps (93.1%) for GAI-QDs. This
indicates that after optimization, the generation of Auger recombination has been
greatly suppressed.



and that of the lifetimes is +/-0.1ns.
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Table S5. Summary of TRPL fitting parameters for Control-QDs, I rich-QDs, GAI-
QDs. The deviation of k- x 107 s is calculated when the PL QY uncertainty is +/-0.5%

Code [%] [ns] [%] [ns] [ns] [%] [ns] [10-13 s
Control-

78.7 213 213 422 25.8 67.0 78.1 128.1
QDs
Irich- 91.0 26.3 9.0 60.0 29.3 84.0 183.0 54.6
QDs
GAI-QDs 1000  70.3 - - 70.3 97.0 2342.3 43
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Table S6. Summary of the performance of a typical PeLED device with red emission.

Max. Max. Operational
Materials Elfnl;ffl k Luminance EQE lifetime Ref.
[cd/m?] [%] [min]
Cs09GA.1PblI3
688 3486 18.9 25 (2]
(QDs)
CsPbl3
695 7039 13.8 20 (3]
(QDs)
E-CsPblz
650 4932 20.1 145 [4]
(QDs)
CsPbl3
- 685 6000 12.7 / (5]
(QDs)
CSPbI3: 1 8% [6]
Si2* (NC) 687 586 17.1 40
CsPbi.xZnk]3 (7]
(NC) 688 2990 8.1 41
CSPbI3
686 1643 15.6 22.2 (8]
(QDs)
EC-CSPbI3 [9]
(NC) 686 1674 12.1 80
¥-CsPbI3 700 1325 14.1 132 (101
(film)
CSPbI3
668 955 22.5 624 (]
(QDs)
'Y'CSPbI3 [12]
(NC) 687 13626 253 /
CsPbls [13]
(NC) 681 3861 20.7 128
GAI-QDs 683 3949 27.1 1001.1 This

work
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