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Abstract: As innovative photoelectric composites characterized by unique microphase-separated morphologies,
polymer-dispersed liquid crystals (PDLCs) eliminate the need for polarizers and overcome the inherent

reliance of traditional liquid crystal devices on rigid cell structures. To address the critical challenges of
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high driving voltages and substantial electro-optical losses in current PDLCs, this review systematically
summarizes the recent advances and underlying regulatory mechanisms of PDL.Cs incorporating polyhedral
oligomeric silsesquioxane (POSS)-based monomers (POSS-SH and KH570-POSS) and their nanocomposite
doping systems. Particular attention is devoted to elucidating how the incorporation of POSS monomers
and nanofillers modulates the phase separation process, polymer network morphology, liquid crystal droplet
size/orientation, and interfacial anchoring. Furthermore, the intrinsic structure-property correlations between
these microscopic structural evolutions and macroscopic electro-optical performances—specifically driving
voltage, contrast ratio, and optical loss—are comprehensively established. The findings demonstrate that
the introduction of the unique cage-like POSS structure effectively optimizes the phase-separated polymer
network, thereby significantly reducing the driving voltage and enhancing the contrast ratio. By deepening
the theoretical understanding of performance modulation from the perspectives of microscopic morphological
evolution and interfacial interactions, this review provides critical insights for the future design of high-
performance flexible smart windows and advanced optoelectronic devices.
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(a) Chemical structures of the POSS-SH; (b) Threshold voltage (V) and saturation voltage (V) ; (c) Contrast
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Fig. 2 Morphologies and deionized water contact angles of polymer with different POSS-SH mass fractions. (a) 0%; (b) 3% ;

(C) 5%[41:_
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the modulation of visible light (VIS) and near infrared (NIR) light transmittance at different states; (d) Photographs

of the hybrid film at OFF and ON states'™’.
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Fig.6 (a) Schematic diagram of a proposed migration mechanism for the ionic impurities in the polymer matrix of the zwitterion-
treated PDL.Cs; POM images of E8 in (b) a conventional LC cell and (¢) an SBMA-treated L.C cell (the SBMA

concentration (mass fraction) in the solution is 7.0% ) ; (d) Schematics of the force condition on the LC molecule in

&Dipole-dipole force

the zwitterion-treated PDLC sample under an electric field; (e) Schematic diagram of the intermolecular interaction

between the zwitterionic moieties and LC molecules'™
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