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Figure 1 (Color online) (a) The current development status of PeELED
with different light colors and device structure; (b) the efficiency of blue
perovskite at different wavelengths; (¢) schematic diagram of perovskite
in different dimensions [38].
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Figure 2 (Color online) Design and application of organic spacer cations in perovskite materials. (a) Schematic illustration of the coordination
between zwitterions and perovskites [44]; (b) structure and interaction schematics of quasi-2D perovskite (r=1) with different spacer cations [45];
(c) schematic diagram of controlling the quantum well distribution and defect passivation in perovskite films by p-F-PEA” and DPEA" cations [50];
(d) schematic diagram of the effect of isCl on carrier recombination dynamics and phase reconstruction of RDP film [54].
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Figure 3 (Color online) (a) Influence of mixed spacer cations (PEA" and PA") on the quantum well composition of mixed-halide quasi-2D
perovskites [60]; (b) schematic of the thermal gradient annealing strategy for narrowing vertical quantum well distribution and resulting vertical
domain alignment [67]; (c) when the system temperature is equal to the boiling point of the countersolvent, perovskite crystallizes at a uniform

nucleation rate [68].
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Figure 4 (Color online) Ligand engineering function diagram.
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Figure 5 (Color online) (a) The mixed quantum well structure of RP and DJ; (b, ¢) TA spectra of RP phase and PDA-25% sample [76]; (d) schematic
of anti-solvent-assisted spin-coating for film fabrication (the inset shows photographs under UV illumination with 0%, 10%, and 20% EDABr,
substitution) [77]; (e) ultraviolet-visible (UV-vis) absorption spectra; (f—i) GIWAXS images; TA spectra at selected delay times for (j) DOPS, (k) D4P4,

and (1) D8P0 samples [78].
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Figure 6 (Color online) SEM surface topography of (a) control samples and (b) the CHMA-modified perovskite films [82]; (c, d) cross-sectional
TEM image of a quantum dot-induced perovskite LED measured under bright-field and dark-field conditions; GIXRD patterns of (e) quantum dot-
induced structural modification and (f) pristine quasi-2D perovskite films [86].
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Figure 7 (Color online) Current density-voltage (J-V) characteristics of electron-only devices for SCLC measurements: (a) pristine, (b) PEA'&GA",
and (c) 0-F-PEA"&GA" [89]; (d) PLQE values and corresponding photographs of the films; (¢) SCLC results; (f) comparison of the density of states

(DOS) near grains with and without TFA™ coordination [62].
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Figure 8 (Color online) Stability of (a) control and (b) CsSOFAA perovskite films at 70 °C heating; (c) PL strength evolution [92]; (d) images of
perovskite films containing 3S and 3S+DPPA under ultraviolet light (365 nm) after 310 h of environmental exposure (~20 °C, 20% RH (relative
humidity)); (e) the evolution of PL peak wavelength of perovskite films after different exposure times [93]; (f) evolution of EL spectra over time at
3.4 'V; (g) stability under constant operating voltages of 3.0 and 3.4 V [61].
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Figure 9 (Color online) TA kinetics fitting for films with (a) n=3; (b) n=4 phases; (c) GSB film [100]; (d) chemical structures of PEA", Me-PEA",
and p-F-PEA" ligands on quasi-2D perovskite surfaces; (e) ultraviolet photoelectron spectroscopy (UPS) spectra: left panel shows secondary electron
cut-off; right panel shows valence band edge regions; (f) energy level diagrams of quasi-2D perovskite films incorporating different organic ligands

[103].
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Table 1 Recent representative work on achieving high-performance blue light PeLED through innovative ligand engineering
RDP%#4 R (om) RIETE(m) SMETRE%) S (ed m) ARSI %00

(EA,5/PEA5)CsPbCly Br, 454 24 6.17 510 JEA Js AT HLRC AR [54]
(p-F-PEA/PBA/EA),Cs,,_;Pb, (Bt 75Cly25)3s1 459 - 15.36 - i 7 -Fic A7 B[R] 4 [104]
CHMA-CHDACsS,_,Pb,Br3,.; 466 18 9.22 121.0 KR HLRC A [82]
(F-PEA/PEA), ,GA, ;sCsPbBrCl, 466 16 12.4 633 BCAR-BCAREREER [105]
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(a) CHDA: cyclohexanediammonium (¥f C.f5¢ —%%); (b) EDATFAc,: ethylenediamine bis(trifluoroacetate) (. %X =% ZH&%E); (c) PDCD:
p-phenylenediammonium chloride (%1% —f& —#50#h); (d) MeCl: methylammonium chloride (F2E%# 5 4L1).
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Ligand engineering for blue-emitting reduced-dimensional perovskites

Shuyue Dongl, Yaxuan Li', Yuanzhuang Chengl, Dongxin Ma'?*

! Key Lab of Organic Optoelectronics & Molecular Engineering of Ministry of Education, Department of Chemistry, Tsinghua University, Beijing
100084, China
? State Key Laboratory of Flexible Electronics Technology, Tsinghua University, Beijing 100084, China
*Corresponding author (email: dongxinma@tsinghua.edu.cn)
Abstract: Perovskite light-emitting diodes (PeLEDs) are promising candidates for next-generation displays and
lighting technology, owing to their high color purity, precisely tunable emission colors, and extremely low material and
fabrication costs. However, blue PeLEDs face challenges such as low efficiency, poor stability, and severe phase
separation compared to their red and green counterparts. Low-dimensional perovskites, with their wide bandgap and
excellent stability, hold great promise for fabricating high-performance blue devices. In this material system, organic
spacer ammonium cations (i.e., organic ligands) not only serve as key structural components but also enable molecular-
level modulation of material properties. This review systematically summarizes recent research progress in ligand
engineering for blue-emitting low-dimensional perovskites. From the perspectives of ligand types, design and
application strategies, and underlying mechanisms, we provide an in-depth discussion of the intrinsic “ligand-structure-
performance” relationships and offer an outlook on future research directions.

Keywords: perovskite, light emitting diode, blue emission, organic ligands
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