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Abstract. Inorganic InP/ZnS quantum dots (QDs) is one kind of optoelectronic materials

owing to the high quantum yield (QY) and non-toxicity. In this study, green light InP/ZnS QDs 

with high QY were synthesized by one-pot injection method and mixed with red light 

CsPbBrI2 QDs as converting material. Those converting material blend with epoxy glue, and 

pumping by InGaN blue chip to form white light-emitting diode (WLED). The results show 

that the CIE of WLED provides at (0.31, 0.33) with NTSC of 90 %.

1. Introduction

In the past, fluorescent backlight is used and play an important role in display application. However, 

there are huge drawbacks [1, 2]. Firstly, it is high energy consumption due to high turn on voltage. 

Secondary, the color gamut of fluorescent lamp backlight is low, as 70 % of NTSC [3, 4]. Thus, it is 

replaced with WLED-based backlight. WLED-based backlight in displays are normally combined 

with blue LED and phosphors [5]. Choosing Cd-based quantum dots (QDs) as the phosphors due to

QDs have a narrow full width at half maximum (FWHM), resulting in increasing the color gamut [6]. 

However, Cd-based has some disadvantages. It is high toxicity. Moreover, it has low PL quantum 

yield (QY) because of self-quenching [7]. Thus, InP nanoparticles are good choices because of they 

are non-toxicity, while the luminescence efficiency in near IR spectral range with very low QY due to 

easy to oxide [8]. Therefore, coating with a high band gap material such as ZnS and ZnSe on the InP 

surface to form InP/ZnS core/shell structure is necessary. It leads to increasing the QY and energy 

band gap of QDs. From the literature review, it provides the result that the QY of InP/ZnS QDs is 

between 30-60 % [9]. It depends on the molar ratios between myristic acid and indium, reaction 

temperature, as well as reaction time. The best condition in InP/ZnS synthesis is that the molar ratio of 

myristic acid: indium is 3.5:1 and the reaction time is 3-5 hours. Furthermore, increasing of reaction 

temperature also make increase QY [10].

2. Experimental methods

2.1. Chemicals
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Zinc (II) iodide (ZnI2, > 98 %) and indium (III) chloride (InCl3, 99.995 %) were purchased from 

Acros Organics. Zinc (II) bromide (ZnBr2, 98 %), Myristic acid (MA, 98 %) and

Hexamethylphosphorous triamide (HMPT, 97 %) were purchased from Alfa Aesar. 1-dodecanethiol 

(DDT, > 98 %) 1-octadecene (ODE, 90 %) and oleylamine (OLA, 70 %) were provided by Aldrich.

2.2. Synthesis of green InP/ZnS QDs

In synthesis green InP/ZnS QDs, 0.72 mmol of InCl3, 0.72 mmol of MA, and 2.16 mmol of Zn 

precursors (ZnI2: ZnBr2 = 1:1) were purged by Ar gas for 10 minutes, and then they were mixed with 

10 mL OLA and ODE (the ratio of OLA: ODE was 6:4) in three-necked round-bottom flask. The 

mixture was stirred and degassed at 110 oC for 45 minutes followed by rapidly heated to 220 oC under 
Ar atmosphere. Next, 0.2 mL of HMPT was quickly injected above mixture and controlled 

temperature at 220 oC for 15 minutes, after that quickly quenched to 200 oC, then 3 mL of DDT was 
slowly injected and maintained the temperature at 200 oC for 6 hours. InP/ZnS QDs were precipitated 

with an excess of ethanol and purified with ethanol by centrifuge. Finally, purified InP/ZnS QDs were 

re-dispersed in hexane for characterization.

2.3. Fabrication of White Light-Emitting Devices

InP/ZnS QDs were blended with CsPbBrI2 QDs and re-dispersed with hexane, then hexane was 

repelled in vacuum desiccator. The mixture of QDs were mixed in epoxy-based AB glue. The ratio of 

A: B glue was 1:2. Next, the mixture was stirred to be homogenous. Finally, it was put on 3020

InGaN blue chip and the device performance was measured by integrated sphere (Isuzu Optical, ISM-

360) at a driving current of 20 mA.

2.4. Materials characterization

Purified InP/ZnS QDs were dispersed in hexane for optical properties. They were measured by 

fluorescence spectrophotometer (FL, Hitachi F-7000) and ultraviolet-visible spectrometer (UV-Vis, 

Hitachi UH5300). PLQY of the QDs was calculated by comparing the FL emission area of QDs, 

which were dispersed in hexane, with Rhodamine 6G in methanol as a reference sample at wavelength 
450 nm. The morphology and size distribution of QDs were observed by transmission electron 

microscopy (TEM).

3. Results and discussion

3.1. Optical properties of InP/ZnS QDs

Figure. 1 shows the absorption, excitation and emission spectra of the synthesized InP/ZnS QDs. It 

displays that the emission wavelength of sample is 500 nm with nonobvious absorption edge. The 

PLQY of green QDs were measured to be 113 % with FWHM of 70 nm.
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Figure 1. The fluorescence and absorption spectra of InP/ZnS under 450 nm.

insert photograph shows the InP/ZnS QD under UV light.

3.2. Morphologies of InP/ZnS QDs

The TEM images of sample are presented in figure 2. It can be found that it has good dispersion and 

the morphologies are spherical shape. The particle size ranges from 2.6 to 3.0 nm.

Figure 2. TEM images of InP/ZnS QDs in different magnifications.

3.3. InP/ZnS QDs-based WLED
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Figure 3. (a) CIE color coordinates and (b) EL spectra of WLED.

InP/ZnS QDs were mixed with CsPbBrI2 and then this mixture was mixed with AB glue. The ratio of

green light InP/ZnS QDs: red light CsPbBrI2: AB glue is 0.503 g:0.006 g:1.000 g. Above mixture is

putted on the blue LED and can produce white light under 20 mA current. The Commission 

International d’Eclairage (CIE) chromaticity coordinates shows in figure 3 (a) and EL spectra of 

device shows in figure 3 (b). It can be seen that the CIE chromaticity coordinates locates at (0.31, 

0.34). Moreover, the luminous efficacy, CCT, and CRI of WLED are 11 lm/W, 6523 K, and 88, 

respectively. After filters the white light by color filter and calculate, the color gamut of WLED is 

90 % of NTSC, as shown in figure 4.

Figure 4. The CIE color coordinates of R, G, and B point, and color gamut of WLED.

4. Conclusion

In this paper, the green InP/ZnS QDs were successfully prepared with one pot injection method. The 

QY and particle size of InP/ZnS QD are 113 % and 2.6-3.0 nm. For the WLED performance, we can 
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get the CIE color coordinates (0.31, 0.33) and 90 % of NTSC after blending with red light CsPbBrI2

QD.
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