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High-refractive-index Cross-linkable ZnS Materials via Microchannel
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Abstract: In this work, we report the finely controlled synthesis of ZnS nanocrystals (NCs) by a microchannel re-
actor (MCR). Surface functionalization with oleic acid (OA) and cross-linkable lipoic acid (LA) ligands was em-
ployed to significantly enhance interfacial compatibility and adhesion between ZnS NCs and acrylic resin matrices.
Based on this, the composite microlens arrays with ZnS@OA : LA are subsequently fabricated to augment light extrac-
tion efficiency (LEE) in quantum dot light-emitting diodes (QLEDs). The results show that MCR-ZnS NCs exhibit
uniform particle size, eliminating the inherent physical inhomogeneity associated with conventional one-pot (OP) syn-
thesis systems. Notably, the MCR enables large-scale controllable production and thus substantially improves produc-
tion capacity. Moreover, the ZnS@OA: LA composite resin film with a doping concentration of mass fraction 30%
achieves a remarkable refractive index enhancement from 1.47 to 1. 67 at 628 nm, while retaining a high visible light
transmittance of over 95% and a pencil hardness of 2H. Ultimately, after integrating the ZnS-based microlens array
onto the top-emitting red QLED, the maximum external quantum efficiency (EQE) of the device is increased from

9.27% to 18. 12%, achieving an approximate 2-fold EQE improvement and a significant elevation in device LEE.
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(a) Schematic illustration of the OP and MCR synthesis of ZnS. (b) Particle size distributions of OP- and MCR-ZnS. (c¢)
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(a) Refractive indices of pure ZnS and ZnS with different ligands. (b) Refractive index, (c)theoretical fitting, (d)trans-

mittance, (e)hardness, and (f)haze of composite resin films with different doping mass fractions
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(a)Refractive indices of the various layers within the FDTD. (b)Effect of microspheres with different refractive indices on
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the light extraction of the device. (¢)FDTD simulation of the effect of refractive index on the LEE of the device. (d)Elec-

tric field intensity (IEI) and (e)power flow amplitude (IPl) distribution profiles of the reference planar device (left) and

the device with 1.61 high-refractive-index microspheres (right)
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Fig.5 (a) J-V-L, (b) CE-L-PE, and (c¢) EQE-L characteristics of the devices with different light extraction layers. The inset

shows the optical microscope images of the control (left) and Device 2 (right) at 2.5 V
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Tab. 1 Performance summary of devices with different light-emitting layers at 8 V
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