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Non-oriented high-performance liquid crystal smart windows
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Abstract: To address the issues of complex material systems and preparation processes in traditional
liquid crystal(LC) smart windows, this study employs negative dielectric anisotropy nematic LC
as the base matrix, doped with a cationic surfactant, to fabricate electrically controlled dimming
smart window using ITO conductive glass without any alignment treatment. We investigated the
transmittance variations of LC smart windows with different doping ratios under an alternating
current(AC) electric field across the visible light spectrum. A comparative study on the dimming
performance of three 1.C cell configurations—unaligned, parallel-aligned, and homeotropically aligned
(vertical) , revealed that the unaligned LC cells outperform the other two alignment structures.

The proposed LLC smart window achieves reversible switching between transparent and hazy states
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via ion turbulence induced by the alternating electric field. Within the visible light spectrum, the

optical transmittance decreases by approximately 60%. The rise and decay response times are 31. 92 ms

and 88.01 ms, respectively. Requiring no alignment treatment, this device features a simple structure

and 1s facile fabrication, offering a novel solution for the industrial application of low-cost smart windows

in buildings.
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Fig.1 Structure diagram of liquid crystal cell
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Fig. 2 Transmission spectra of unaligned liquid crystal cells doped with 5% DTAB under different driving frequencies and

voltages
100 100 100 100
90 90 90 90
-ﬂ-—'—‘—__“—‘
£ VERXALNOD Ly = 80 OO M e 5 8 oy s 0 ET
2 70 5 70 2 70 5 70
£ 60 £ 60 S60} £ 60
E50f ==0V —20V S5 =0V —20V S50 =0V =20V £ 50 —0V =20V
E40f =5V —25V Eq0f =35V —25V E a0l =35V =25V E 10 —5V —25V
E 0L =10V =30V é 30 —}23 =30V g 30f =10V =30V é 30 —]0V =30V
s} =I5V s20f T =10 = 20 e—Ek
10 10 10 ¢ 10
0 0 - : . 0 . : : 0
400 500 600 700 800 400 500 600 700 800 400 500 600 700 800 400 500 600 700 800
Wavelength/nm Wavelength/nm Wavelength/nm Wavelength/nm
(a) 50 Hz (b) 100 Hz (c) 500 Hz (d) 1 kHz

K3 4% 10% DTAB Y J0H I 1A & 78 A [59S00 4 0 o TR #9325 55 3%
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and voltages
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Fig.4 Transmission spectra of unaligned liquid crystal cells doped with 15% DTAB under different driving frequencies

and voltages
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Polarized optical micrographs of the liquid crystal cells
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at different doping concentrations and temperatures
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Fig. 6 Transmission spectra of parallel-aligned liquid crystal cells doped with 5% DTAB at different driving frequencies

and voltages
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Fig.7 Transmission spectra of vertically aligned liquid crystal cells doped with 5% DTAB under different driving frequencies

and voltages
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(a) Transmittance of the liquid crystal cell as a function of voltage; (b) Cycling lifetime of the liquid crystal cell;

(¢) Response time of the liquid crystal cell; (d) Current of the liquid crystal cell as a function of voltage.
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