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Blue perovskite light-emitting diodes (PeLEDs) remain constrained by the difficulty

of combining nanoscale carrier confinement with high crystalline quality. Efficient

blue emission also requires low defect density, compositional stability, and balanced

charge transport
[1-5]

. Colloidal nanocrystals enhance radiative recombination through

size confinement
[6,7]

, but their assembly into films often produces rough surfaces,

discontinuous interparticle contacts, and interfacial defects
[8]

. Surface ligands can

passivate undercoordinated sites, yet dynamic binding and steric bulk may weaken

passivation stability and electronic coupling
[9,10]

. Low-dimensional perovskites

provide stronger exciton confinement, but nonuniform quantum well distributions

and insulating organic barriers introduce energetic disorder and hinder vertical

charge transport
[4,5,11]

.

Liu et al.
[1]

 recently reported a nanocrystal confinement strategy based on in situ

polymerization that addresses the trade-off between grain size and crystalline

quality
[1]

. They introduced oligo (ethylene glycol) methyl ether acrylate (OEGA). Its

carbonyl and ether oxygen atoms coordinate with precursor species containing Pb
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Figure 1. Schematic comparison of passivating molecules, pre-formed polymers and polymerizable monomers in controlling crystallinity
and confinement. This figure adapted from Ref.[1], Copyright © 2026 Springer Nature.

and partially displace coordinated dimethyl sulfoxide. During annealing, OEGA polymerizes in situ and

forms a network around the growing nanocrystals. This sequence slows precursor cluster aggregation,

restricts growth at later stages, and allows more time for lattice rearrangement [Figure 1].

This mechanism differs from conventional surface passivation. Small-molecule passivators mainly bind to

defects on crystals that have already formed, whereas OEGA participates from the precursor stage and

gradually establishes a confining network during growth. The strategy is also distinct from low-dimensional

phase engineering. Bulky ammonium cations such as phenethylammonium (PEA
+
) and butylammonium

(BA
+
) divide the three-dimensional [PbX

6
]

4-
 framework into inorganic layers of finite thickness

[2]
. Although

this enhances exciton confinement, the organic spacer layers weaken interlayer electronic coupling and

vertical charge transport
[5]

. Earlier polymer approaches were introduced after lattice or heterostructure

formation
[12,13]

. The key advance of Liu et al.
[1]

 is that precursor conversion, polymer network formation, and

nanocrystal growth occur within the same processing window.

OEGA also modifies the local precursor environment. In situ optical measurements show delayed signal

onset and slower spectral evolution after OEGA incorporation [Figure 2A]. Liquid-phase electron

microscopy further reveals delayed nucleation and stable particles of approximately 10 nm. These

observations support slower cluster aggregation, prolonged lattice rearrangement, and restricted growth at

later stages, although they do not directly resolve all nonemissive intermediates. Nonpolymerizable small

molecules can alter early growth but cannot prevent subsequent grain coarsening. Short chain monomers

provide limited coordination and spatial coverage, whereas excessively long chains tend to aggregate and

polymerize less efficiently. OEGA therefore offers a favorable balance between coordination and

polymerization kinetics.
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Figure 2. (A) In situ photoluminescence evolution of pristine and OEGA-modified perovskite films during spin coating and annealing. (B)
Temperature-dependent photoluminescence intensity of pristine and OEGA films. (C) Raman spectra showing reduced lattice vibration
features after OEGA treatment. This figure adapted from Ref.[1], Copyright © 2026 Springer Nature.

At the optimized concentration, OEGA confines the nanocrystals to approximately 11 ± 3 nm, and the

resulting nanocrystals exhibit cubic symmetry. This phase stabilization is more reasonably attributed to size

confinement, surface energy contributions, ethylammonium (EA
+
) incorporation, and ligand surface

interactions than to selective control of a specific facet. Temperature-dependent photoluminescence shows

weaker thermal quenching in OEGA-treated films [Figure 2B]. Spectral linewidth analysis indicates reduced

electron-phonon coupling, while low-frequency Raman spectra show weaker lattice vibrational features

[Figure 2C]. These results suggest that confinement and lattice relaxation suppress nonradiative

recombination
[1]

. OEGA alone increases the average photoluminescence lifetime from 7.5 to 15.2 ns, and

subsequent phenethylammonium bromide (PEABr) treatment extends it to 23.6 ns. PEABr is mainly located

at grain boundaries, where they passivate residual defects.

The PeLED adopts an indium tin oxide/modified PEDOT:PSS/perovskite/TPBi/LiF/Al architecture

[Figure 3A]. After OEGA and PEABr treatment, it emits at 491 nm with Commission Internationale de

l’Eclairage coordinates of (0.07, 0.29) and a full width at half maximum of 23 nm
[1]

. The peak external

quantum efficiency increases from 10.7% to 21.8% [Figure 3B]. At an initial luminance of approximately
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Figure 3. (A) Energy-level diagram of the PeLED structure. (B) External quantum efficiency (EQE)-current density curves of pristine and
OEGA/PEA devices. (C) Operational stability and electroluminescence spectra of the OEGA/PEA device. This figure adapted from Ref.[1],
Copyright © 2026 Springer Nature.

100 cd m
-2
, the operational half-lifetime increases from 10.3 to 69.4 min [Figure 3C]. Control devices identify

OEGA as the primary contributor, although PEABr-mediated passivation and morphology-related light

outcoupling gains also contribute. Temperature-dependent conductivity measurements provide further

evidence for enhanced stability. Fitting with a Nernst-Einstein-type relation yields an apparent activation

energy for ionic transport of 0.27 eV for the pristine film and 0.77 eV for the OEGA/PEABr treated film
[1]

.

This increase is consistent with more restricted ionic transport. However, the measurement does not identify

the dominant mobile species or distinguish among halide migration, A-site cation motion, and interfacial ion

accumulation. Time-of-flight secondary ion mass spectrometry combined with operando measurements

could help resolve ion redistribution across the device stack.

The strategy was also evaluated in deep-blue devices and sky-blue compositions, formamidinium lead iodide,

different substrates, and colloidal nanocrystals. These results suggest that the concept is not restricted to a

single composition. However, the most comprehensive device evidence remains limited to an OEGA/PEABr
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modified, bromide-rich PeLED emitting at 491 nm. Deep blue mixed-halide devices and chloride-rich

devices present more stringent tests because of larger injection barriers and electric field-induced halide

segregation
[ 2 - 5 ]

. Future work should relate ligand structure, coordination strength, chain length,

concentration, polymerization kinetics, and network density to nucleation, grain size, phase composition,

carrier mobility, ionic conductivity, and device performance. In situ grazing incidence wide-angle X-ray

scattering could track intermediate formation and phase evolution, while infrared spectroscopy and solid-

state nuclear magnetic resonance could clarify polymerization and coordination. Operando ion imaging may

reveal ionic transport pathways and interfacial accumulation. Research on lead-free halide light-emitting

materials, including CsCu
2
I

3
 and CsSnI

3
, has advanced rapidly in recent years

[14,15]
. Reactive ligand

confinement offers new opportunities for preparing high-performance lead-free emitters. However, the

polymer confinement network must be tailored to the crystallization behavior and charge transport

requirements of each material system.
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