
Self-Stabilized Quasi-2D Perovskite with an
Ion-Migration-Inhibition Ligand for Pure
Green LEDs
Dezhong Zhang,# Chunyu Liu,# Jiayun Sun, Qi Xiong, Xiangtian Xiao, Dongyu Li, Benzheng Lyu,
Haibin Su, and Wallace C. H. Choy*

Cite This: ACS Energy Lett. 2024, 9, 1133−1140 Read Online

ACCESS Metrics & More Article Recommendations *sı Supporting Information

ABSTRACT: Perovskite light-emitting diodes (PeLEDs) have
recently achieved a great breakthrough in external quantum
efficiency (EQE). However, the operational stability of pure
primary color PeLEDs lags far behind because of serious ion
migration. Herein, a self-stabilized quasi-2D perovskite is
constructed with a strategically synthesized ion-migration-
inhibition ligand (IMIligand) to realize highly stable and efficient
pure green PeLEDs approaching the standard green light of
Rec. 2020. The IMIligand takes the role to not only eliminate
migration pathways and anchor halide ions to suppress the ion
migration but to also further enhance the crystalline orientation
and energy transfer in quasi-2D perovskites. Meanwhile, the
self-stabilized quasi-2D perovskite overcomes the degradation
of electrical performance caused by conventional exogenous passivation additives. Ultimately, the figure of merit of the pure
green quasi-2D PeLEDs is at least double that of previous works. The devices achieve an EQE of 26.2% and operational
stability of 920 min at initial luminance of 1000 cd m−2.

Metal halide perovskites have been considered to be
one of the most promising candidates for next-
generation light-emitting diode (LED) technology

in light of their superior optoelectronic properties, such as
narrow emission width, widely tunable band gap, and high
photoluminescence quantum yields (PLQYs).1−9 Quasi-2D
perovskites, as an important category of perovskites with
improved exciton binding energy by forming multiquantum
well structures, offer interesting properties for light emis-
sion.10−13 Recently, significant achievements have been made
to improve the external quantum efficiency (EQE) of quasi-2D
perovskite LEDs (PeLEDs).14−16 However, enhanced opera-
tional stability, particularly for pure primary (red-green-blue)
color PeLEDs, is in urgent demand to satisfy the requirement
of their further applications for display technologies.2,17−19

It is well known that ion migration exists in perovskite-based
optoelectronic devices20−22 and has been widely recognized as
the primary source causing the poor operational stability of
PeLEDs. Halide anions with low activation energies are
acknowledged as the most mobile ions in perovskites21,23−25

and will be strongly stimulated by the driving bias voltage and
Joule heat during operation.26−29 For quasi-2D perovskite
emitters, because of the partition by the organic spacer ligands,

the grain size of perovskites will be reduced, thereby resulting
in rich grain boundaries and structural defects in the films,17,30

which will provide more pathways for ion migration.
Therefore, defect passivation and halide ion anchoring in
quasi-2D perovskites are highly desirable for stable PeLEDs.
Passivating the halide vacancy defects is a commonly

adopted strategy to improve the performance and stability of
quasi-2D PeLEDs,13,15,31−34 especially incorporating exoge-
nous passivation additives into the perovskite films to inhibit
ion migration.27 Different types of organic chemicals, including
small molecules and polymers with Lewis base groups, such as
P�O, C�O, S�O, and C−O−C, have been employed as the
additives.31−36 However, some associated structures of alkyl or
other low-conductive structures are inevitably brought in
simultaneously, which hinders the carrier transport in perov-
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skite films.34,37−41 Exogenous additives with better conductiv-
ity, such as conjugated molecules, have also been studied,27,37

but it is still difficult to match their conductivity with the high
conductivity of perovskites. Recently, as a necessary
component in the quasi-2D perovskite, organic spacer ligands
have been further designed to be equipped with functional
groups. Dual functional group ligands equipped with
ammonium and with either sulfonic or carboxyl groups have
been used to self-passivate defects and improve the phase
distribution in quasi-2D perovskite films.16,42 The incorpo-
ration of these passivation ligands avoids the electrical
performance degradation of the quasi-2D perovskite. However,
it is very important to point out that all of the reported ligands
have not yet shown commendable effects in inhibiting ion
migration and improving the operational stability of PeLEDs.
In this work, we strategically synthesize butylphosphonic

acid 4-ammonium (BAPA) as the ion-migration-inhibition
ligand (IMIligand) to partially replace the common phenethy-
lammonium (PEA) ligands to construct self-stabilized quasi-
2D perovskites without additives. The IMIligand of BAPA offers
both the elimination of migration pathways and the anchoring
to halide ions to fully inhibit ion migration in quasi-2D
perovskites. In addition, we also find the significant

contribution of the IMIligand on the enhanced crystalline
orientation of perovskites and the reduced van der Waals gap
to enhance energy transfer in quasi-2D perovskites and, thus,
enhance the emission properties of the quasi-2D perovskite.
Given the successful construction of the self-stabilized quasi-
2D perovskite, we demonstrate the pure green PeLEDs
approaching the standard green light of Rec. 2020 with the
figure of merit doubled compared with previous reported
works, the peak EQE to be 26.2%, and an obviously improved
operational lifetime of 920 min at an initial luminance (L0) of
1000 cd m−2.
The pure green quasi-2D PeLEDs are fabricated with the

device structure shown in Figure 1a. BAPA ligands are
introduced to construct the self-stabilized quasi-2D perovskites
by replacing PEA. An enhanced EQE over 23% for the target
device (with 20% BAPA ligands) is obtained (Figure 1b and
Figure S1a,b), as well as an increased peak luminance (Figure
1c). The current density and luminance curves plotted on a
linear scale are shown in Figure S2. Notably, the turn-on
voltage and current density of the devices do not change
significantly even when more BAPA ligands are introduced
(Figure S1c,d). Both control (with 100% PEA ligands) and
target devices present stable electroluminescence (EL) spectra

Figure 1. (a) Device structure diagram. (b) EQE curves and (c) current density−voltage−luminance characteristics of control and target
devices. (d) Normalized EL spectra of devices under different applied voltages. (e) CIE coordinate of the target devices. (f) Operational
stability at L0 = 1000 cd m−2. (g) EQE of the target device with further BPA treatment; inset shows the schematic diagram of BPA treatment.
(h) Operational stability of target device with further BPA treatment; inset shows the time-dependent EL spectra. (i) Comparison of the
figure of merit of our device with reported high-performance pure green PeLEDs; the references in (i) are listed in Table S1.
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when the bias voltage is increased (Figure 1d). Importantly,
the target PeLEDs demonstrate pure green EL emission at 532
nm, which corresponds to the CIE coordinate (0.184, 0.776),
which is very close to the Rec. 2020 standard (Figure 1e).
More impressively, the operational stability is significantly
improved with a half-life time (t50) prolonged from 45 min for
the control device to over 750 min for the target device at an
L0 of 1000 cd m−2 at the optimized amount of 20% BAPA
(Figure 1f). The lifetime of devices will decrease when BAPA
concentration is further increased (Figure S1e).
The improved stability and EQE of the quasi-2D PeLEDs

with the proposed IMIligand of BAPA are comparatively
analyzed with the perovskite formed from the combination
of the commonly used butyl ammonium (BA)-only ligands and
butylphosphonic acid (BPA) (single functional group) additive
(Figure S3a) with different ratios. Our results show that
although the associated structures are necessary to enable the
additive to have appropriate and stable physical and chemical
properties, the incorporation of associated structures of alkyl
by the exogenous BPA additive could hinder the carrier
transport in perovskite films. As shown in Figure S3b, the
perovskite films with the BPA show improved PL intensity

when the amount of BPA increases because of the interaction
between phosphonic acid groups and defects of perovskites.
However, the EQE and operational stability of devices are
much inferior to those of the target device with the IMIligand of
BAPA (Figure S4). The current density decreases (Figure
S4b), and the turn-on voltage of devices (Figure S4c) increases
severely, which implies that the electrical properties of
perovskite films with additives deteriorate significantly. When
the same amount of phosphonic acid (20%) is introduced by
the exogenous passivation additive of BPA, the current density
reduces by more than an order of magnitude, and the turn-on
voltage unexpectedly increases from 3 to 4.6 V compared with
the IMIligand of BAPA. From the characteristics of single-
carrier devices (Figure S5), the transport of both electrons and
holes is severely reduced. These results further validate the
unique advantages of the self-stabilized quasi-2D perovskite
with the IMIligand of BAPA in electrical properties (which
cannot be realized by the single functional group ligand/
additive). Interestingly, when BPA is further employed as the
additive in antisolvent, both the control and target films
become brighter (Figure S6). A high EQE of 26.2% for the
target device with the BPA treatment (Figure 1g) and a peak

Figure 2. (a) Schematic illustration of quasi-2D perovskite structures before and after the introduction of BAPA ligands. (b) 1H NMR
spectra of pure BAPABr, with PbBr2, and further with PbI2 dissolved in deuterated DMF. (c) 31P NMR spectra of pure 4-ABPA, with CsBr,
and further with CsCl dissolved in D2O. XPS spectra of (e) P 2p, (f) Pb 4f, and (g) Br 3d peaks of control film and target film with BAPA
ligands.
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luminance exceeding 1 × 105 cd m−2 with the pure green
emission at 532 nm (Figure S7a, b) are eventually
demonstrated. Figure S7c shows the EQE statistics of the
control and target devices with further BPA treatment. The
improvement can be explained by the coordination of defects
by P�O at the emission region of the film,13,27,38 as shown in
the inset of Figure 1g, which is also evidenced by the Fourier
transform infrared spectroscopy (FTIR) spectra in Figure S8.
Meanwhile, the lifetime of both the control and target samples
with BPA treatment is further prolonged to the best value of
920 min (Figure S9b and Figure 1h).
Ultimately, we further demonstrate that the champion

PeLEDs show a substantial enhanced “figure of merit,” which
is defined as EQE × lifetime × L0 because good PeLEDs shall
simultaneously show high EQE and long lifetime at a large L0,
as shown in Figure 1i. The champion device shows a figure of
merit reaching a value of ∼2.5 × 105 (at least double that of
previous works at pure green region) and achieves the t50
lifetime of 920 min with a L0 of 1000 cd m−2, as well as a t50 of
185 and 50 min with a higher L0 of 4500 and 9800 cd m−2

respectively (Figure S10), without any spectral shift in the EL
emission during operation (inset of Figure 1h). Other reported
high-performance PeLEDs with pure green emission (EL peak
position between 525 and 535 nm, full-width at half-maximum
< 25 nm) are further summarized and compared in Table S1
and Figure S11a,b.
The formation scheme of the quasi-2D perovskites without

and with BAPA ligands is shown in Figure 2a. The BAPA
ligands are expected to interact with Pb-related defects and
anchor with Br ions and simultaneously interact with the
perovskite framework. To prove the formation scheme as
illustrated, the chemical interaction of BAPA ligands is
explored first. The 1H nuclear magnetic resonance (NMR)
spectra (Figure 2b) show changes in the resonance signals
arising from the NH3

+ and P−OH protons of BAPABr with
PbBr2. The NH3

+ proton signals show an upfield shift from
8.35 to 8.26 ppm, and the signals arising from the P−OH
protons also demonstrate a significant shift from 8.32 to 7.73
ppm. This can be rationalized in terms of the strong
coordination between BAPA ligands and Pb. The hydrogen
bond of P� O···H−O and P�O···H−N in neat BAPABr
solution will be replaced by the interaction of P�O:Pb when
in situ adding PbBr2, which reduces the shielding effect for
protons of NH3

+ and P−OH, thereby upfield-shifting the
signals. To prove the existence of P−OH···Br, excess PbI2 is
further added into the solution, and the I− induces a further
upfield chemical shift of Δδ = −0.42 ppm (from 7.73 to 7.21
ppm) because of the weaker shielding effect of the P−OH···I
compared with the P−OH···Br. Simultaneously, the signals
arising from protons of NH3

+ also show an upfield shift, which
proves that the NH3

+ will form a hydrogen bond with halogen
and, thus, interact with the perovskite frameworks.43 To more
clearly verify the formation of the hydrogen bond between P−
OH and halogen, the parent amine [4-aminobutylphosphonic
acid (4-ABPA)] of BAPABr is studied, and the corresponding
31P NMR spectra are shown in Figure 2c. The addition of CsBr
leads to downfield-shifted signals from 25.55 to 25.57 ppm,
thereby indicating the formation of P−OH···Br, which
decreases the electron density of P. The signals are further
downfield-shifted with the presence of CsCl because of the
stronger electron-withdrawing ability of Cl, which is solid
evidence for the existence of bonding interaction between P−
OH and halogen. To further prove the interaction of P�O

with Pb, FTIR spectra were obtained and are shown in Figure
2d. We observe an infrared peak at ca. 1250 cm−1 originating
from the P�O stretching vibration for pristine BAPABr, while
it exhibits a notable weakening with PbBr2, which fully
indicates the coordination of P�O with Pb2+.13,44,45 The
chemical interaction brought by BAPA ligands in the
perovskite films is also verified by X-ray photoelectron
spectroscopy (XPS) measurements. P 2p spectra (Figure 2e)
prove the existence of BAPA ligands, and in the Pb 4f and Br
3d spectra (Figure 2f,g), the peaks shift toward lower binding
energy, which can be attributed to changes in electron cloud
density,35,46 thereby suggesting an interaction brought by the
functional phosphonic acid groups. Therefore, the BAPA
ligands have been shown to interact with Pb-related defects by
P�O, anchor with Br ions by P−OH, and simultaneously
interact with the perovskite frameworks by NH3+.
The crystallization of quasi-2D perovskites changes because

of chemical interactions of BAPA ligands. The 2D grazing
incidence X-ray diffraction (GIXRD) image of the control film
(Figure 3a) exhibits diffraction rings along certain extended arc

segments, which indicates considerable random crystal
orientation in the film. In contrast, the target film shows
discrete Bragg spots along the same rings (Figure 3b), which
suggests an enhanced crystalline orientation of the perovskite.
This could be related to the dual-terminal interaction of
ligands in the perovskite.42,47 When we replace the BAPA
ligands with equimolar amounts of BA ligands and BPA
additives, the orientation of the perovskite is similar to the
control sample (Figure S12). In addition, the diffraction signals

Figure 3. 2D-GIXRD images of (a) control and (b) target films. (c)
Absorbance and PL spectra of the films. (d) PL decay curves of the
films. TA kinetics probed at selected wavelengths for (e) control
and (f) target films.

ACS Energy Letters http://pubs.acs.org/journal/aelccp Letter

https://doi.org/10.1021/acsenergylett.3c02418
ACS Energy Lett. 2024, 9, 1133−1140

1136

https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig3&ref=pdf
http://pubs.acs.org/journal/aelccp?ref=pdf
https://doi.org/10.1021/acsenergylett.3c02418?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


begin to weaken significantly when incorporating excessive
BAPA ligands of more than 30% (Figure S13), which should
be responsible for the drop in EQE and operational stability of
PeLEDs. The weakened crystallinity of perovskites is caused by
the strong coordination between excessive phosphonic acid
groups and Pb2+. To verify the formation of quasi-2D
perovskite phases with BAPA ligands, a thicker perovskite
film with 100% BAPA ligands is prepared (see the details in
Experimental Section in the Supporting Information), which
results in a wider phase distribution in the film. The GIXRD
image (Figure S14) shows the obvious presence of low-order
quasi-2D perovskite phases in the film, and the similar results
also occur in thicker control film (with 100% PEA ligands) and
some perovskites with other reported ligands,48,49 thereby
proving that quasi-2D perovskites can be constructed via the
BAPA ligands. For film morphology, the target quasi-2D
perovskite film is similar to the control film (Figure S15), and
both exhibit small surface roughness (Figure S16). The energy-
dispersive X-ray (EDX) mapping of surface and cross-sectional
scanning electron microscopy (SEM) images of target films in
Figure S17 shows the uniform distribution of the BAPA ligand
in the perovskite films.
For the optical properties, the control and target films

demonstrate almost the same absorbance spectra (Figure 3c).
As the ratio of BAPA ligands in perovskite increases, the
absorption edge, as well as the PL emission, gradually red shift
(Figure S18) corresponding to the decrease in the band gap of
perovskite. Similarly, a slight red shift is also observed when
20% of PEA is replaced by BA ligands (Figure S19). This is
because of the different distortion of the perovskite framework
caused by changing ammonium cationic ligands in the quasi-
2D perovskite.50,51 On the basis of the defect passivation effect,
the PL intensity of the target film is significantly higher than
that of the control film (Figure 3c), which is accompanied by
an increase in the PL lifetime (Figure 3d). The PL emission of
the target film exhibits a slightly narrower full width at half-
maximum (fwhm) (Figure S18d) corresponding to the
narrower EL emission from the target device, which is also
closely related to the defect passivation. The PLQYs of
perovskite films with different contents of BAPA ligands are
shown in Figure S20. The PLQY values of different films are
also consistent with the EQE distribution of the corresponding
devices.
To investigate the changes in photogenerated exciton/

carrier transfer dynamics with the introduction of BAPA
ligands, transient absorption (TA) spectroscopy are performed.
The TA spectra of perovskite films at different time scales are
shown in Figure S21a,b. Similar to the steady-state absorption
spectra, the TA spectra also show a slight red-shift after the
introduction of the BAPA ligands. When prolonging the decay
time, the peaks arising from low-n (n is the order of quasi-2D
perovskite) phases decrease, which is accompanied by a
gradual growth of the high-n peaks, thereby indicating energy
transfer from low-n to high-n phases.11,52 To further study the
transfer process, time traces of low-n peaks (509.0 nm for
control film and 509.6 nm for target film) and high-n peaks
(521.9 nm for control film, and 522.5 nm for target film) are
extracted, as shown in Figure 3e,f. A faster energy transfer
process is found in the target sample, which is due to the
stronger interlayer interaction and reduction of the van der
Waals gap in quasi-2D perovskites by ligands with dual-
terminal interactions.42,47 It is beneficial for improving the

emitting performance and carrier transportation of the quasi-
2D perovskite film.
The greatly improved operational stability is closely related

to the suppression of ion migration. To reveal the ion
migration behavior, we investigate the frequency-dependent
capacitance of PeLEDs (Figure 4a,b). Obviously, the control

device shows increasing capacitance near 1 kHz, and the
additional capacitance originates from the mobile ions that
accumulate at contact interfaces because of the severe ion
migration.29,53−56 As the test temperature increases, a larger
capacitance is observed because of the thermal-induced
enhancement of ion migration. For the target sample, the
additional capacitance is insignificant even after heating. In
addition, Figure S22 presents the time-dependent capacitance
decay profiling. The decay process from a much higher
capacitance is collected for the control device, which implies
the easy ion migration and accumulation in the control device
is driven by prebias. For the target device, the capacitance
generated by the same prebias is obviously lower, which further
proves that ion migration is suppressed. Furthermore, forward
and reverse current density−voltage scans are also carried out
to investigate the hysteretic behavior, as current−voltage
hysteresis is known to be related to the ionic transport in
perovskite devices.40,57 More pronounced hysteresis is
observed in the control PeLEDs compared with target devices
(Figure S23a,b).
To more intuitively demonstrate the ion migration and

redistribution behavior, depth-dependent XPS measurements
of poly(9-vinylcarbazole) (PVK) hole transport layers are
carried out. We find that during operation, Br− will migrate
toward the anode and into the PVK layer, as shown in the
schematic diagram in Figure S24. For fresh and aged (driven at
5 V for 60 min) PeLEDs, the top layers above PVK are
removed, and XPS measurement is applied to the PVK
samples. The Pb 4f and Br 3d peaks at different depths for the
fresh and aged control samples are shown in Figure S25a,b.
The Pb signals can be detected because the perovskite
precursor solution can be impregnated into the PVK layer
during the perovskite fabrication process. Notably, the Pb

Figure 4. Frequency-dependent capacitance plot of (a) control and
(b) target samples at different temperatures. Br contents of fresh
and aged (c) control samples and (d) target samples at different
depths of PVK layers.

ACS Energy Letters http://pubs.acs.org/journal/aelccp Letter

https://doi.org/10.1021/acsenergylett.3c02418
ACS Energy Lett. 2024, 9, 1133−1140

1137

https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acsenergylett.3c02418/suppl_file/nz3c02418_si_001.pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig4&ref=pdf
https://pubs.acs.org/doi/10.1021/acsenergylett.3c02418?fig=fig4&ref=pdf
http://pubs.acs.org/journal/aelccp?ref=pdf
https://doi.org/10.1021/acsenergylett.3c02418?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


content is similar in fresh and aged control samples, while the
Br content increases significantly after device aging. Figure 4c
shows the comparison of Br content at different depths in fresh
and aged PVK samples, thereby indicating the severe Br−
migration from perovskite to PVK. The Br/Pb ratio of the
fresh sample is slightly higher than 3 at different depths of the
PVK layer (Figure S26a), which is similar to the proportion in
the perovskite used here. Whereas the Br/Pb ratio in the aged
sample is much higher than the fresh one, thereby further
proving that the additional Br originates from ion migration.
For target samples, there is no obvious change in the Br
content after the same aging process, as shown by the Br
content in Figure 4f and Br/Pb ratios in Figure S26b, which is
direct evidence that the ion migration in the target sample is
effectively suppressed, thus contributing to the significantly
improved operational stability of quasi-2D PeLEDs.
In summary, we have constructed a self-stabilized quasi-2D

perovskite with the IMIligand of BAPA to realize highly stable
and efficient pure green PeLEDs. The BAPA ligands
significantly inhibit the ion migration and redistribution, as
confirmed by the direct experimental confirmation of the
substantial drop of ion generation/accumulation and almost no
change of Br ion across the device during operation. Equally
important, the self-stabilized quasi-2D perovskite with the
IMIligand exhibits excellent energy transfer, optical, and
electrical properties simultaneously, which cannot be realized
by conventional exogenous passivation additives. Conse-
quently, the figure of merit of the champion PeLEDs is at
least doubled compared with other reported results. The EQE
exceeds 26%, and the operational lifetime is extended to 920
min at L0 = 1000 cd m−2. The work not only provides valuable
guidance for suppressing ion migration in perovskites and
enhancing the optoelectronic properties but also paves a novel
way for realizing stable and efficient PeLEDs for advancing true
color display applications.
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