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1 Supplementary Figures and Tables

Figure S1. Absorption spectra of InAs QDs under different synthesis conditions. Absorption spectra 

(a) for injection rates of 5 mL/h (2 hours), with initial volumes of 5 mL and 2.5 mL. (b) for an initial 

volume of 2.5 mL, with injection rates of 5 mL/h (2 hours), 2 mL/h (5 hours), and 1 mL/h (10 hours). 

(c) at temperatures of 260°C, 280°C, 300°C, and 320°C.
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Table S1. Summary of InAs-based QDs and their optical characteristics

Core material Shell material PL peak (nm) FWHM (nm) PLQY (%) Ref

InAs InP N/A N/A N/A 1

InAs InP N/A N/A N/A 2

InAs InP 905 60-75 1.2 3

InAs InP/ZnSe 625-780 68 3.5 4

InAs InP/ZnSe 985 60-75 76 3

InAs InP/ZnSe ~870 ~75 60 5

InAs InP/ZnSe/ZnS ~775 ~150 36 6

InAs InZnP/GaP/ZnSe ~1107 ~124 23 7

InAs In(Zn)P/ZnSe/ZnS ~890 ~90 25 8

InAs ZnSe 1300 110-180 N/A 9

InAs ZnSe 750-920 85-121 1-2 10

InAs ZnSe 1010 147 5-10 11

InAs ZnS 925 111 5-10 11

In(Zn)As ZnSe/ZnS 538 60 60 12

In(Zn)As In(Zn)P/GaP/ZnS ~850 110 75 13 and 14

InGa0.2As0.8 ZnSe 580-700 ~50 25.6 15

Zn-InAs ZnSe 860 195 42 16

InAs ZnSe 900 134 77 17

In(Zn)As In(Zn)P/GaP/ZnS 985 124 73 18

InAs ZnSe/ZnS 1340 147 11 19

InAs(rod) ZnSe 1510 180 60 20
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InAs In(Zn)P/ZnSe/ZnS ~1500 147 39 @1260nm This study
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Figure S2. Fourier transform infrared (FTIR) spectra of InAs core QDs with dioctylamine and oleic 

acid as ligands.
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Figure S3. X-ray diffraction (XRD) patterns of InAs QDs synthesized with different ligands.

Figure S4. Fast fourier transform (FFT) of InAs QDs using a) dioctylamine and b) oleic acid as ligands.
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Figure S5. Transmission electron microscopy (TEM) images of InAs QDs synthesized with different 

ligands, showing the 1S peak at approximately 1300 nm. (a) PA-InAs: palmitic acid (PA), (b) OA-

InAs: oleic acid (OA), (c) OLA-InAs: oleylamine (OLA), (d) DOA-InAs: dioctylamine (DOA), (e) 

TOA-InAs: trioctylamine (TOA).

Table S2. Surface energy and dipole of InAs QDs based on facets

Surface 𝜞 (eV/Å2) Surface Dipole (eÅ/Å2)

(111) 0.101 0.013

(110) 0.057 0.000
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Figure S6. Absorption Spectra and PL spectra of InAs/InZnP/ZnSe/ZnS Structures. Absorption spectra 

with InZnP volume a) x1, b) x3, c) x5. PL spectra with InZnP volume d) x1, e) x3, f) x5.

Table S3. Photoluminescence quantum yield (PLQY) of InAs/InZnP/ZnSe/ZnS QDs

PLQY(%) /InZnP 
Volume InAs InAs/InZnP InAs/InZnP/ZnS

e
InAs/InZnP/ZnS
e/ZnS

x1 1.2 3.4 4.3 5.2
x3 1.3 5.8 29.4 35.3
x5 1 6.1 29 40.9
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Figure S7. TEM images and schematic representations of InAs QDs with different InZnP shell 

volumes. (a) TEM image of InAs QDs with a size distribution of 2.80 ± 0.30 nm. (b, c, d) TEM images 

of InAs/InZnP QDs with an InZnP volume of x1 (3.66 ± 0.26 nm), x3 (4.28 ± 0.21 nm), and x5 (5.00 

± 0.25 nm) relative to the InAs nanocluster volume, respectively.

Figure S8. TEM images of InAs QDs showing the 1S peak at approximately 1100 nm and their core-

shell structures with different shells. (a) TEM image of InAs QDs, inset: size distribution 4.83 ± 0.41 

nm. (b) TEM image of InAs/InZnP core-shell QDs, inset: 5.88 ± 0.31 nm. (c) TEM image of 

InAs/InZnP/ZnSe core-multi-shell QDs. (d) TEM image of InAs/InZnP/ZnSe/ZnS core-multi-shell 

QDs.
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Figure S9. Scheme and TEM images for InZnP and ZnSe shell growth on InAs core using dioctylamine 

as ligand with 1S peak at approximately 1250 nm. As the seed growth continues, arms develop on the 

( ) facets forming a tetrapod morphology. This morphology is maintained throughout the shelling 1̅1̅1̅

process, with a slight increase in arm width. The average width of InAs and InAs/InZnP is 3.29 ± 0.33 

nm and 4.58 ± 0.65 nm, respectively.
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Figure S10. a) X-ray Photoelectron Spectroscopy (XPS) spectrum of O 1s for InAs/InZnP/ZnSe QDs 

with and without HF treatment. b) XPS spectrum of P 2p for InAs/InZnP QDs and InAs/InZnP/ZnSe 

QDs without HF treatment.
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Figure S11. At lower levels of laser pumping, the saturation curves of transient absorption 

spectroscopy for InAs/InZnP/ZnSe/ZnS QDs with dioctylamine are modeled by 

Counts∝1−e−⟨N⟩=1−e−jσ, where j represents the laser pump fluence and σ denotes the absorption cross-

section. Here, j is calculated as P/EF, with P being the laser power density, E the laser repetition rate 

(200 kHz), and F the photon energy at 700 nm. This establishes the theoretical function ⟨N⟩=jσ=σP/EF, 

showing a linear relationship between ⟨N⟩ and P, determined by the factor σ/EF.
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Figure S12. Transient absorption spectroscopy and schematic representation of InAs/InZnP/ZnSe QDs 

using dioctylamine as a ligand before and after HF treatment. (a) Ground state bleaching (GSB) decay 

curves from transient absorption spectroscopy for InAs/InZnP/ZnSe QDs before (black) and after (red) 

HF treatment. (b-c) Schematic representation of the InAs/InZnP/ZnSe QDs before and after HF 

treatment, showing the core-shell structure and the positions of electrons (e⁻) and holes (h⁺) within the 

QDs.
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Table S4. The decay constants (A₁, τ₁, A₂, τ₂) for the GSB observed in the transient absorption 

spectroscopy, comparing the values before and after HF treatment

 InAs/InZnP/ZnSe InAs/InZnP/ZnSe [HF-etching]
A

1 0.73 0.28
τ

1
 (ps) 19.41 ± 3.10 101.59 ± 28.30

A
2 0.27 0.72

τ
2
 (ps) 1108.03 ± 629.69 2776.46 ± 983.87

Table S5: Optical properties of InAs QDs with different core/shell structures: InAs, InAs/InZnP, 

InAs/InZnP/HF, InAs/InZnP/HF/ZnSe, and InAs/InZnP/HF/ZnSe/ZnS

InAs InAs/InZnP InAs/InZnP
(HF)

InAs/InZnP(HF)/Zn
Se

InAs/InZnP(HF)/Zn
Se/ZnS

Emission wavelength (nm) 727.2 812.2 826.8 832.7 837.8
FWHM (nm) 73.3 96.3 97.8 105.6 102.7
PLQY (%) 4.7 7.7 10.5 20.1 42.9
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Figure S13. Schematic representations of InAs-based QDs with different facets. Illustration of InAs-

based QDs (a) with (110) non-polar facets, showing stoichiometric surfaces and (b) with (111) polar 

facets, showing cation-rich surfaces with dangling bonds.
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Figure S14. Optical and exciton dynamic properties of InAs/InZnP/ZnSe/ZnS QDs using dioctylamine 

as a ligand with an emission peak at 850 nm. (a) PLQY differences at excitation wavelengths of 400 

nm and 700 nm for InAs/InZnP/ZnSe/ZnS QDs. (b) Absorption and PL spectra of 

InAs/InZnP/ZnSe/ZnS QDs before (red) and after (black) HF treatment. (c-d) Transient absorption 

GSB decay of InAs/InZnP/ZnSe/ZnS QDs: (c) before and (d) after HF treatment at excitation 

wavelengths of 400 nm (shell) and 700 nm (core). The inset shows the PLQY of QDs with different 

excitation wavelengths.
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Figure S15. Transient absorption spectroscopy of GSB decay curves for InAs core QDs upon 

excitation at 400 nm and 700 nm, respectively.
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Table S6. Decay dynamics in GSB of InAs/InZnP/ZnSe/ZnS QDs with dioctylamine and oleic acid 
ligands at 400 nm and 700 nm excitation wavelengths

Dioctylamine Oleic acid

λex λex

400 nm 700 nm 400 nm 700 nm

A1 (%) 25 67 5 35

τ1 (ps) 160 154 52 54

A2 (%) 75 33 95 65

τ2 (ps) 17400 17400 14400 14400
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Figure S16. Time-resolved photoluminescence (TRPL) data for NIR InAs/InZnP/ZnSe/ZnS QDs with 

different ligands (dioctylamine and oleic acid) recorded using a nanosecond pulsed laser with 950 nm 

excitation. The emission decay was monitored at 1260 nm.
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Figure S17. Transient absorption spectroscopy data for InAs/InZnP/ZnSe/ZnS QDs in the NIR region. 

a) and b) show data for QDs using dioctylamine (DOA) and oleic acid (OA) as ligands, respectively, 

excited at a wavelength of 700 nm <N~0.1>. c) and d) present data for QDs using DOA and OA ligands, 

respectively, excited at a wavelength of 400 nm <N~0.1>. All intensity values are normalized by the 

corresponding absorption. Measurements were taken at various time points: 0.1 ps, 0.5 ps, 1 ps, 2 ps, 

5 ps, 10 ps, and 100 ps.
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