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Cadmium-free blue-emitting quantum dots with gradient alloyed
core-shell structure: realizing high-performance emission via

synergistic band engineering and surface passivation

WEI Jiangliu, XIE Yingying, CHEN Jiefeng, JIN Lei’, ZHANG Zhikuan®
(Shenzhen Planck Innovation Technology Co. Ltd., Shenzhen 518115, China)

Abstract: Blue-emitting quantum dots(QDs) serve as core luminescent materials for cadmium-free,
environmentally benign display and healthy lighting technologies. However, their practical application is
hindered by critical challenges, including inadequate color purity(full width at half-maximum, FWHM>
30 nm) , low luminescence efficiency(photoluminescence quantum yield, PLQY<(75% ), poor ambient
air stability, and cumbersome synthetic protocols. To address these bottlenecks, this study proposes an
innovative synergistic strategy integrating band engineering and surface passivation. Through the precise
construction of a ZnSeTe/ZnSe/ZnSeS/7ZnS gradient-composition core-shell structure coupled with halide-
assisted growth, high-performance cadmium-free blue-emitting QDs were successfully synthesized. The
four-layer gradient core-shell architecture enables a smooth transition of lattice constants from the core to
the outer shell, thereby effectively suppressing interfacial mismatch defects and reducing non-radiative

recombination losses. Meanwhile, halide ions (Cl™ ) selectively adsorb onto high-energy crystal facets
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during the crystal growth process, which not only regulates the growth kinetics to enhance particle size

uniformity but also coordinates with surface unsaturated Zn®" ions to passivate surface dangling bonds,

further optimizing the photoluminescent properties of the QDs. The as-synthesized QDs exhibit an

emission wavelength of 460 nm, a narrow FWHM as low as 18 nm, and a high PLQY of up to 92%.

Notably, the PLQY retention rate remains above 80% even after 60 days of storage under ambient air,

demonstrating excellent long-term stability. This synergistic strategy provides a universal and scalable

design principle for the development of environmentally friendly, high-performance quantum dot materials

for advanced optoelectronic applications.

Key words: quantum dots; core-shell structure; halide regulation; blue light emission; high-end display;

healthy lighting
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Fig. 1 (a) UV-Vis absorption spectra and photoluminescence (PL) spectra of ZnSeTe cores with different Te/(Se+Te) molar
ratios, (b) variation trends of PLQY and full width at half maximum (FWHM) ; (c, d) Transmission electron
microscopy (TEM) image (the inset shows high-resolution transmission electron microscopy (HRTEM) image)
and particle size distribution diagram at Te/(Se-+Te)=0. 3, respectively.
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7ZnS); (¢, f) X4 D(ZnSeTe/ZnSe/ZnSeS/ZnS) .
Fig.2 TEM images and particle size distribution diagrams of quantum dots coated with different shell layers. (a, d) Control

Group B (ZnSeTe/ZnS) ; (b,e) Control Group C (ZnSeTe/ZnSe/ZnS) ; (¢, ) Control Group D (ZnSeTe/ZnSe/
ZnSeS/7ZnS).
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Fig. 3

quantum dots with different shell coatings.
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Fig.4 Optical properties of quantum dots with different shell structures. (a) PL spectra and UV-Vis absorption spectra;

(b) Plots of FWHM and PLQY.
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Fig.7 HAADF-STEM and EDS elemental distribution characterizations of ZnSeTe/ZnSe/ZnSeS/ZnS gradient core-shell
quantum dots passivated by in-situ ZnCl,. (a) HAADF morphology image; (b) Overlaid elemental mapping of Zn,
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curves and fitted lifetime parameters.

SC 2H PL & DR 35 00 46 (H B9 7106, 1 Xt A D
W% 43%,

h T k2L B CLEE A X SR 5 52 5 A 3 ]
RONE, #EAT 7 W TE] 23 B 52 5606 3% (TRPL) 4t
B o(d) /R TX A DB ELM, L CL )5
95 20 (B BE S50+ CL ) d F 2L 28t 2 il il £k
HoE P 2l ) A aok TR 3 ) R B R A AT 4
AL (D) s

I([)ZAlexp( —;)—O—Azexp( —[). (D

Ty
e T HUA 45T B G S 298 6 FH A (o, R
HRIEIACA X (2) #1715

T = AT+ Avty (2)
Horbr o ICo) S F ) e B 29O CRR L, o 5 o a0 AR
Jil 77 i R 5 i 21 3 1 6 el A (R R B, ALFA,
Sk XeF 187 A1 53 B4 AF T 4R 6

SR FH BUHE B A0 %o 1 AL B A% e i F A Y
TRPL =M &G . HER LA, K5 A ZnCl,
49 %) BERE S 349806 %5 A AL 54. 14 ns; & CL A
et Al 5 R 5P 24 A5 A 4 T 2 96. 50 ns, Hrp R
FARBE AR5 S 2 A B P 5 i o B 30. 63 ns &
K %2 58. 16 ns, fUFRAL N AL H8 55 52 5 1912 2 il
g3t o, i1 68. 08 ns K WE M & 143. 92 ns., %45 R
WEWA, C1 AT 38 2o Fe 437 7 1 05 38 2 AN M R Zn

F1 HESBHIARBIUESH
Tab.1 Time-resolved photoluminescence decay fitting parameters
Sample Toe/ NS 7,/ns A% 7,/ns A,/ %
ZnSeTe/ZnSe/ZnSeS/ZnS 54.14 30.63 55. 84 68.08 44.16
ZnSeTe/ZnSe/ZnSeS/ZnS(ZnCl,) 96. 50 58.16 73.05 143.92 26.95
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