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Precise regulation of photoluminescence properties and ligands of CdSe

quantum dots based on microfluidic systems
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Abstract: This research reported a novel integrated strategy based on microfluidic technology for the syn-
thesis and surface ligand modification of CdSe quantum dots (QDs). The strategy aims to achieve precise and
efficient regulation of the luminescence properties of QDs to meet the specific requirements for their optical
characteristics in fields such as display, imaging, and optical sensing. Firstly, a microfluidic platform suitable

for QDs synthesis was developed, enabling high-throughput and precise control of multiple reaction condi-
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tions for efficient synthesis. We systematically investigated the influence of reaction temperature, time, and
precursor ligand ratios on the growth process and luminescence properties of CdSe QDs. Benefiting from the
efficient mass and heat transfer of the microfluidic platform, the reaction time was significantly reduced from
the 1 hours required by traditional ligand modification methods to just 5 minutes in our design. To address
the issue of spectral shifts in luminescence properties (such as emission color and full width at half maxim-
um, FWHM) during functional ligand modification, this research introduced oleic acid (OA) as a surface
modification ligand in the microfluidic system. Through efficient and stable anchoring of OA ligands, the lu-
minescence efficiency of the quantum dots was enhanced by threefold, while successfully suppressing re-
growth and agglomeration behaviors, thereby maintaining the stability of the emission wavelength and
FWHM. The innovative use of microfluidic technology in this research not only provides a reproducible and
scalable platform technology for precise regulation of QD size and luminescence color but also achieves syn-
ergistic optimization of QD luminescence efficiency and stability. Our strategy paves a technical avenue for

the practical application of QDs materials in fields such as luminescent displays and quantum light sources.
Key words: Quantum dots; photoluminescence property regulation; microfluidics; ligand modification
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Fig. 1 Synthesis process of CdSe QDs, surface modifica-
tion of CdSe QDs with OA ligands and the micro-

fluidic synthesis system.
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Fig. 2 (a) Absorption spectra, (b) PL spectra (¢) PLQY and
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Fig. 5 Ligand modification of (a) before and (b) after CdSe
545: Absorption spectra, photoluminescence spec-
tra, TEM images, and particle size statistics. (c) PL
lifetimes, (d) PLQYs of CdSe with different particle
sizes, (¢) XRD diffraction patterns of CdSe 545 be-
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spectra of ODPA and CdSe 545 before microfluidic
ligand modification. Luminescence spectra and pho-
tos of CdSe 545 under UV LED excitation (g) be-

fore and (h) after ligand modification.
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