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Abstract: Colloidal quantum dots (QDs) are recognized as the key luminescent materials for next-generation

display and lighting technologies, owing to their unique size-dependent luminescent properties, high color
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purity, and high photoluminescent quantum yield (PLQY). Among various QDs, indium phosphide (InP)
quantum dots show particular promise for future displays and lighting applications due to their environmentally
benign characteristics, broad spectral tunability, and cost-effective solution processability. This article provides
a systematic review of recent advances in green-emitting InP QDs, highlighting three critical breakthroughs.
First, in the aspect of chemical synthesis, precise regulation of reaction kinetics has enabled the fabrication
of green-emitting InP core particles with uniform size and high crystallinity. Second, in terms of surface
passivation, both ionic and shell passivation have been implemented to effectively suppress surface defect
states in the core, leading to a significant improvement in the PLQY. Third, in terms of ligand engineering,

the modification of surface ligands has yielded stable InP QDs with suitably aligned energy levels. Furthermore,

the paper presents an outlook on their future development directions.
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Fig. 2 Five different phosphorus precursors. (a) P(TMS),: schematic of the synthesis(left) , absorption and photoluminescence

spectra (right) of In(Zn)P/ZnSe/ZnS QDs™; (b) P(NMe,),: schematic representation of the proposed modification for
the kinetic control of InP QDs formation (left) and the photograph of QDs(right)™; (¢) Tri(pyrazolyl) phosphanes:
proposed reaction pathway for the synthesis of InP QDs applying tri(pyrazolyl) phosphanes (left) and PL spectra of
InP/ZnS QDs"*; (d) PH,: synthetic process of InP/ZnS/ZnS QDs (left) and their PL spectra of InP/ZnS/ZnS
QDs synthesized using different synthetic condition (right) " (e) Schematic illustration for the formation of InP QDs
applying NaOCP (left) , digital photograph showing the PL of InP-based QDs solutions covering the entire visible

range, the insets show photos of the devices(right)""
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(a) Distribution of Zn within the InP core is dependent on the reactivity of the Zn precursor '™ ; (b) Average and

range of lattice parameters from InP and In(Zn)P QDs""; (c) Proposed reaction between TMEDA and surface metal

carboxylates bound to InP QDs*'; (d) Schematic diagram of the passivation of In*" on the surface of InP crystal nuclei

by Zn/Cd? """ ; (e) Schematic illustration of the proposed band structure and various electron relaxation time

constants based on kinetic modelling before and after Cu-doped'** ; (f) TRPL decay profiles recorded at 600 nm of

InP/ZnSe,S, , (black), InP/ZnSe,S,

(green)"*

:Cub% (red), InP/ZnSe,S, ,: Cu9% (blue), and InP/ZnSe,S, ,: Cul5%
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(a) Schematic and optical characteristics of oxidized InP QDs treated with in situ HF"™'; (b) Schematic of the synthesis
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QDs with ZnF, assistance*'; (d) Synthetic procedures of InP core ‘7!,
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(b) In the alloy-shelling process, gradual change of concentration of alloying atoms'”

schematic of the electron injection and leakage processes in LEDs using InP-ZnSeS-ZnS (left) ,

(middle) and InP-thick ZnSe-ZnS (right) QDs'".
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(a) Normalized PL spectra of QDs with different fatty acids under different ultraviolet irradiation time™"'; (b) Side
views of ball-and-stick models of (i) bare, (ii) Cl-passivated, (iii) methylamine (MA) -passivated, and (iv) 3Cl/
MA (molar ratio 1/3) -passivated indium-rich (111) InP surfaces (yellow: In, magenta: P, green: Cl, blue: N,
grey: C, and white: H) and their respective band structures near the Fermi energy (dashed red line)""*'; (c¢) Sche-
matic illustration of the growth procedure of the TOP-InP and TOP-free InP QDs'™; (d) Schematic illustration of
the restructuring process for interface (left) , PL spectra(middle) and PLQY (right) of InP/ZnS core/shell QDs
synthesized at 210 °C and 270 °C using different zinc halide (ZnCl,, ZnBr,, and Znl,)"*"; (e) Schematic of the QD
surface treated with ZnCl, and 1-octanol (left), normalized UV-vis absorption and PL spectra of InP core-multishell
(right)™"".
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