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Abstract: The combination of quantum dots (QDs) with photoresist is a key technology for fabricating high-perfor-
mance quantum dot display devices. However, the poor interfacial compatibility between QDs and the photoresist ma-
trix severely limits their practical application. In this study, a two-step surface modification strategy is proposed to
address the dispersion challenge of oil-soluble QDs in SU-8 photoresist and to endow them with reactivity. First, li-
gand exchange of oleic acid (OA)-capped QDs with mercaptopropionic acid (MPA) is performed to obtain hydrophil-
ic QDs (MPA-QDs) with carboxyl-rich surfaces. Subsequently, using 4-dimethylaminopyridine (DMAP) as a cata-
lyst, the epoxy group of glycidyl methacrylate (GMA) undergoes ring-opening esterification with the carboxyl groups
on the MPA-QD surface under mild conditions (60 “C, 5h), covalently attaching polymerizable methacrylate double
bonds to the QD surface to yield GMA-MPA-QDs. Fourier transform infrared spectroscopy (FTIR) and X-ray photo-
electron spectroscopy (XPS) confirm the stepwise surface functional group evolution from OA to MPA to GMA ; XPS
quantitative analysis shows that the carbon content increases from 44. 33% (MPA-QDs) to 57.31% after GMA graft-
ing, indicating successful covalent conjugation. Transmission electron microscopy (TEM) ,ICP-OES and fluores-
cence spectroscopy demonstrate that the modification process does not damage the morphology or core — shell struc-
ture of the QDs. Kinetic analysis shows that although the surface microenvironment perturbation caused by the intro-
duction of macromolecular segments leads to a slight decrease in the photoluminescence quantum yield (PLQY) ,

the retention rate remains at 86. 8% of its original value (from 99. 6% to 86. 5% ). Remarkably, GMA-MPA-QDs ex-
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hibit excellent dispersion stability in SU-8 2005 photoresist: the composite solution remains uniformly transparent

without noticeable sedimentation even after 90 days of standing, and no aggregates larger than 500 nm are observed

under optical microscopy. In contrast, the control MPA-QD system shows micron-scale aggregation (2-10pwm) within

24 hours. Furthermore, this composite system exhibits excellent resistance to thermal quenching and is compatible

with standard photolithography processes, successfully producing patterned structures with clear edges and uniform

fluorescence. This study not only provides an effective chemical modification strategy to resolve QD aggregation in

photoresist but also establishes a materials and process foundation for high-precision photolithographic patterning ap-

plications of quantum dots.
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Schematic illustration of the preparation route for quantum dots via MPA/GMA dual surface modification.
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Figure 2

(a) FTIR spectra of OA-QDs, MPA-QDs, and GMA-MPA-QDs ; (b) High-resolution C 1s XPS spectra of OA-QDs,

MPA-QDs, and GMA-MPA-QDs; (c¢) O 1s XPS spectra; (d) S 2p XPS spectra.
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Table 1 XPS surface elemental composition of OA-QDs,

MPA-QDs, and GMA-MPA-QDs

FE C (at%) 0 (at%) S (at%)
0A-QDs 63.22 7.98 28. 80
MPA-QDs 44.33 12. 68 42.99
GMA-MPA-QDs 57.31 17.55 25.15
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Table 2 Quantitative ICP-OES analysis results of MPA-QDs
and GMA-MPA-QDs.
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Figure 3

(a) TEM image of 0A-QDs; (b) TEM image of MPA-QDs; (¢) TEM image of GMA-MPA-QDs; (d) size distribution

of 0A-QDs; (e) size distribution of MPA-QDs; (f) size distribution of GMA-MPA-QDs.
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Figure 5

(a) Photoluminescence (PL) spectra and (b) PLQYs of OA-QDs, MPA-QDs, and GMA-MPA-QDs; (¢) Normalized

fluorescence lifetime decay curves and fitted lifetime parameters of MPA-QDs and GMA-MPA-QDs.
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Figure 6.

(a)Schematic diagrams illustrating the aggregation mechanism of MPA-QDs/SU-8 2005 and the stabilisation mecha-

nism of GMA-MPA-QDs/SU-8 2005; (b) dispersion comparison of MPA-QDs and GMA-MPA-QDs in SU-8 2005 pho-
toresist, and (c) optical micrographs of MPA-QDs/SU-8 2005 and GMA-MPA-QDs/SU-8 2005 composite films; (d)
storage stability comparison of GMA-MPA-QDs/SU-8 2005 composite.
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Figure 7

(a) Hydrodynamic size distributions of MPA-QDs and MPA-QDs/SU-8 composite solution; (b) Hydrodynamic size

distributions of GMA-MPA-QDs and GMA-MPA-QDs/SU-8 composite solution; Absorbance of the (¢) MPA-QDs/SU-
8 and (d) GMA-MPA-QDs/SU-8 systems before and after centrifugation.
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Figure 8 (a) Schematic illustration of the photolithographic patterning process for the GMA-MPA-QDs/SU-8 composite system

along with verification results of the photolithographic patterns (under bright-field mode and UV excitation mode) ;
(b) TGA thermogravimetric curve of GMA-MPA-QDs/SU-8; (c¢) Normalized PL spectra of GMA-MPA-QDs/SU-8
films under different temperature treatments; (d) Time evolution of the FWHM of the photoluminescence peaks; and

(e) Time-dependent changes in the relative PLQY.
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