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Abstract Cholesteric liquid crystals (CLCs) are a kind of intriguing soft photonic crystal materials, in which the orientation
of LC molecules varies in a helical fashion, and selectively reflect light, known as structural color, according to Bragg’s law.
Moreover, the structural color determined by the pitch length of the helices in CLCs can be tuned owing to the dynamic con-
trol of inherent self-organized helical superstructures in response to external stimuli. Currently, light-driven CLCs have at-
tracted extensive interest because light, compared to other stimuli, has unique advantages of remote, temporal, local and spa-
tial manipulation. Such elegant systems are generally formulated by doping light-driven chiral switches, mainly consisting of
chiral centers and photoswitches, into a nematic LC host. The chiral centers are able to twist the nematic LC host into helical
superstructures, which is represented by helical twisting power (HTP). The photoswitches undergo configurational changes
upon photoisomerization, leading to the variation in HTP and the pitch length of the helices, and consequently tune the struc-
tural color of the CLCs. These light-driven CLCs provide opportunities for various photonic applications such as tunable
filters, sensors, tunable optical lasers, and optically addressed displays. In this review, we summarize diverse light-driven
CLC systems according to the type of the photoswitch in doped chiral switches. Azobenzene- and motor-based chiral switch-
es usually have high HTP and large variation in HTP, which enables the tuning range of the resultant CLC to cover visible
spectrum. Besides, chiral switches based on dithienylethenes have also been synthesized and utilized to tune the reflection of
the CLC across red, green and blue colors that remain unchanged in darkness even after one week because of the excellent
thermal stability of dithienylethenes. Chiral switches based on dicyanoethene are used to construct an optically tunable re-
flective-photoluminescent CLC system. Importantly, the design of the light-driven chiral switches is analyzed in detail to
reveal the structure-property correlation. Potential and demonstrated practical applications of light-driven CLCs are dis-
cussed, and forecast of existing challenges and opportunities in CLC systems are concluded.
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Figure 1 Schematic illustration showing the mechanism of pitch tuning
in cholesteric liquid crystals (CLCs) induced by light-driven chiral
switches
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Figure 2 (a) Chemical structures of chiral switches Sa~5d. (b) Reflec-
tion changes of 2.5 wt% (A) and 5 wt% (C) 5a in 5SCB (A and C: original
and after visible light irradiation; B and D: after UV irradiation for 10
min). (¢) Transmission spectra of cholesteric liquid crystal based on 5d (6
wt%) in LC host 1444 during phototuning for 5 um thick cell
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Figure 3 (a) Chemical structures of chiral switches 6a~6d. (b) Reflec-
tion color images of 6.5 wt% chiral switch 6a in commercially available
achiral LC host E7 in a 5 um thick planar cell upon 365 nm UV light (5.0
mW-ecm ?) and 520 nm visible light (1.5 mWecm ?) with different times.
The colors were taken from a polarized reflective mode microscope.
(c) Confocal images of the light-driven monodisperse CLC microshells
(left) and variation of laser emission of the CLC microshells after pump-
ing different times by light (right)
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Figure 4 (a) Chemical structures of chiral switches 8. (b) Real cell
images of a 5 um thick planar cell (1.8 cm X 1.9 cm) filled with 2.8 mol%
halogen-bonded light-driven chiral switch 8 in an achiral LC host E7
upon 365 nm UV irradiation for different times
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Figure 5 (a) Chemical structures of chiral switches 11. (b) Reflection
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ferent times, respectively
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Figure 6 (a) Chemical structures of chiral switches 14. (b) Schematic illustration showing the optimized molecular structures of three configurations of
the chiral switch 14 upon 365, 470 and 530 nm irradiation, respectively. Trans- and cis- isomers are in blue and red. (c) Schematic showing the piecewise
control of self-organized helical superstructures in the CLC that exhibits two tuning periods of the selective reflection, including visible spectrum and
near-infrared region. (d) Real cell images of 2.0 mol% tristable chiral switch in LC host E7 in 5 pm thick antiparallel aligned cells (2.0 cmX2.5 cm)
showing primary RGB colors under 470 and 530 nm light (top), and patterns of Chinese mahjong in the black background upon UV irradiation with masks
(bottom). (e) Real cell images created by piecewise control of the helices in the CLC showing primary RGB colors with a black background in 5 pm thick
antiparallel aligned cells (2.0 cm X 2.5 cm)
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Acta Chim. Sinica 2020, 78, 478—489 © 2020 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn 483



Blue Green Red

Cholesteric

liquid crystals
c Ha d s
—— PSS-405 —— PSS-530 —— PSS-365
HgHc trans cis Hp ” 60
Initial State T . . .
R
PSS-405 27° 015 0.25 1 g8
=
Q
PSS-530 | . 050 0.50 % 2
PSS-365 L 020 0.80
0
66 64 62 42 40 38 400 500 600 700
C Wavelength/nm
e Photomask

Blue playing field 530 nm

/// -é§é§£
|

LCcell

405 nm

Green new Tetrominos

Erase
— <

Rewrite

Red bottom blocks

M 365nmlight ] 530 nmlight [ 405 nm light

B 7 (@F MBI 1S FIIFK 16 ML 2E45H. b)RIFefas
JIEESSARSB i S S B ) JR B R L (o) 5% 16 (M R A 1,
SRR T HAERFDCRE T trans-F cis-RHAEER T ILER .
¥ HgHc (trans-)F H'sH'c (cis-) RS JGTHE trans/cis TR LG,
Forh PSS-405, PSS-530 F1 PSS-365 43 7l ot 5% 16 7E 405, 530 Fl1 365
nm JGHFRETEES. (OIS AR EA FDa s T SO e ik ik,
()% “HE HIr P Ik hn B E). ARDGE TGRS
IRH) ARB T H WS O D). 5 AN R XSRS A G
ST HIRRE, TG SR BRIy . & B e 5l
Xof IR HE SR IR

Figure 7 (a) Chemical structures of chiral dopant 15 and photo switch
16. (b) Schematic representation showing the programmable modulation
of the selective reflection from self-organized helical superstructures
based on the photostationary states (PSSs). (c) Partial '"H NMR spectra of
16 showing the changes in the intensities of the H chemical shifts in the
initial state and different PSSs. The H chemical shifts of the trans- and
cis- isomers in the conjugated system are separate and labeled. The ratio
of the frans- and cis- isomers was calculated from the integrals of the
HgHc (trans-) and H'sH'c (cis-) peaks. PSS-405, PSS-530 and PSS-365
represent the PSSs of 16 upon irradiation of 405, 530 and 365 nm light,
respectively. (d) Reflective spectra of the CLC mixture at different PSSs.
(e) Schematic illustration to show the process of photocontrollable
‘Tetris’ game (left). And real images of a single cell (2.0 cmX2.5 cm) in
sequence showing ‘Tetris” game programed by different light irradiation.
Top panels: schematic illustration showing the areas exposed to different
light; bottom panels: resultant patterns after light irradiation (right)
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Figure 8 (a) Chemical structures of chiral switch 17. (b) Schematic
illustration showing the in situ UV light generated under the NIR light
with a high excitation power density and the in situ visible light generated
under the same wavelength NIR light but with low excitation power den-
sity when the upconversion nanoparticles (UCNPs) are irradiated by 980
nm NIR laser (left), and the reversibly tuning of self-organized helical
superstructures of CLC upon irradiation of NIR laser (right)
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Figure 9 (a) Chemical structures of chiral switches 20a~20d. (b) Real
cell images of an 8 pm thick planar cell (2.1 cmX2.5 cm) filled with 7.7
wt% chiral switch 20a in E7. (c) Fabrication of monodisperse 3D choles-
teric microdroplets and ‘Flower-opening’ patterns of microdroplets with
light-driven iridescent colors
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Figure 11 (a) Chemical structures of chiral switches 22. (b) Chemical structures of chiral switches 23a and 23b. (c¢) Schematic illustration showing the
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