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ABSTRACT 
igh concentration InP quantum dots (QDs) in siloxane 

composite were prepared by exchanging ligands of InP 
QDs using siloxane-based epoxy groups having 
unctionalized with a poly (dimethylsiloxane) diglycidyl 

ether terminated (PDMS-DGE). The siloxane capped QDs 
show improved stability in the siloxane matrix due to the 
compatibility between QDs and matrix. 

1 Introduction 
 

Colloidal quantum dots (QDs) offer nanometer scale 
size, and meet high efficiency, wide color gamut, narrow 
emissivity of QDs.[1, 2] QD luminescence is divided into 
photoluminescence (PL) and electroluminescence (EL).[3] 
Photoluminescence is applied in the form of a QD color 
conversion films or pixels in the display panel.[4, 5] QD color 
conversion films are excited by a blue light source with 
excellent luminance efficiency. The homogeneously 
dispersed QDs in a polymer matrix are essential in 
enhancing the optical properties of color conversion 
layers.[6, 7] Previous research reported various methods to 
solve the aggregation problem, such as silica growth of QD 
surface, and introduction of covalent bonds between the 
QD surface and polymer.[8-10]  

In this study, poly (dimetylsiloxane) diglycidyl ether 
terminated (PDMS-DGE) ligand similar to that of a 
siloxane matrix was used as the ligand. The hydroxyl (-
OH) groups on the QD were first exchanged, and a 
siloxane-based polymer ligand was introduced through an 
epoxy ring-opening reaction to control the QD distance 
and to improve the affinity with the siloxane polymer.  

 

2 Experiments 
 

The novel InP-PDMS-DGE was prepared via two 
synthetic steps. Ligand exchange was modified to 
introduce the terminal hydroxy groups.[11] The terminal 
hydroxy groups were reacted with the epoxy group PDMS-
DGE at 40 °C with triethylamine as a basic catalyst. The 
solution was diluted with chloroform, and then excess 
hexane was added to precipitate the QDs for collection by 

centrifugation three times. The QD film was prepared by 
a dropping method by mixing QDs and acrylate-based 
siloxane polymer. 

 

3 Results 
 

The strategy of the QD ligand exchange process is 
shown in Fig 1. The photophysical properties of InP-OA 
and ligand exchanged InP-PDMS-DGE were compared, 
and no peak shift was observed after ligand exchange 
and after the epoxy ring open reaction. 

 

 
 

Fig. 1 Schematic of ligand exchange in InP-PDMS-DGE 
 
 
The PL peaks of InP-OA and InP-PDMS-DGE were 

confirmed at 513 nm and 514 nm, and there was no 
significant change in the shift of the emission peak. This 
indicates that the QD surface damage was negligible 
during the ligand exchange in InP-PDMS-DGE. The 
affinity of QD and siloxane matrix was investigated by 
preparing a polymer mixed QD composite solution. It 
was confirmed that aggregation between the QDs 
occurred due to poor affinity between the InP-OA and 
acrylate siloxane matrix, and InP-PDMS-DGE did not 
cause aggregation in the acrylate siloxane matrix as 
shown in Fig. 2.  
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Fig. 2 Photograph of green InP-OA and InP-PDMS-DGE 
composite solution and films, SEM-EDS mapping 
images of Zn and S InP-OA in siloxane, InP-PDMS-
DGE in siloxane 

 
 
The PL intensity of InP-PDMS-DGE was 1.5 times 

higher than that of InP-OA, and this difference is also due 
to the film stability. Stability tests were performed by 
exposing both films to 85 °C / 85 relative humidity (RH) for 
24 hours. After 24 hours, the brightness of the InP-OA film 
decreased more than that of the InP-PDMS-DGE film. The 
color conversion efficiency of InP-PMDS-DGE was 30 % 
and for InP-OA was 19 %.  

 

4 Conclusions 
 

The surface of the pristine QDs was modified to 
hydroxyl terminated ligands. The functionalized hydroxyl 
groups undergo an epoxy ring-opening reaction with an 
epoxy group under a catalyst. Ligand on the QDs verified 
and characterized using FT-IR spectroscopy. The QD 
optical properties were maintained during the ligand 
exchange process. The InP-PDMS-DGE film showed 
improved dispersibility, film stability and high dispersibility 
despite the simple mixing method. This work provides a 
potential solution for the mixing of QDs and polymer.  
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