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Abstract Light-driven cholesteric liquid crystals are soft intelligent photonic crystal materials, which change
their optical properties upon irradiation of light. The molecules are organized into helical superstructures to
selectively reflect the circularly polarized light with the same handedness as the light-driven cholesteric liquid

crystals. By modulating the helical superstructures with light stimuli, the wavelength or polarization of the
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selective reflection is tuned. Light-driven handedness inversion of helical superstructures in cholesteric liquid

crystals is currently in the limelight. The inversion of handedness alters the chirality of the circularly polarized
light, which has wide potential for applications in tunable filters, anti-counterfeiting technologies, circularly
polarized lasers, and 3D displays. However, inducing the handedness inversion of cholesteric liquid crystal still
remains a challenge because the energy barrier between the opposite twist sense is difficult to overcome. It is
necessary to figure out the universal strategies for designing light-driven cholesteric liquid crystal systems with
reversible handedness inversion. This review mainly focuses on the development of the light-driven cholesteric
liquid crystals with handedness inversion. The reported strategies for controlling the handedness are summarized
including the handedness inversion induced by reverse molecular chirality upon photoirradiation and introduction
of chiral conflict. The reverse molecular chirality in different chiral molecular switches with tetrahedral, planar,
or axial chirality induced by azobenzene, dithienylethene, overcrowded alkene, or cyano-functionalized
diarylethene is concluded. During the photoisomerization process, the changes of conjugation, geometry, and
dipole moment are analyzed. The strategies to introduce chiral conflict in cholesteric liquid crystals are
demonstrated, and the mechanism of chiral conflict to facilitate handedness inversion is explained. Most
importantly, the existing challenges and opportunities toward the systems are discussed.

handedness inversion; light-driven chiral switches; helical

Key words cholesteric liquid crystals;

superstructures ; photoswitches

gloriosa, Plusiotis boucardi) S8 8% N HA M JLT i
YR ET 2 J22 1T Wk 2 7 1) T 2 T i ) Jd 0 44 R e 45
Y ACE S P 2 i RGNy K 2B S i, S B0
Lo Im e e, IS EL A Rl i sg i T, — b
AR AE AR PN T MR 2 T8 A 9 ( Pollia condensata ) F
2 MRS, kI RS S g
ZZZ s RSNSOI PR R, 5 B4

Handedness inversion of light-driven cholesteric liquid crystals

{

h
/

!

hv,

fl
"

.]U |

7

[,
vl
7
7

ﬁ‘]“ Y

|

I

i |

lﬂw ' /
G
]l‘“’ﬂwfm\

bl

|
|
mJ
W/
At
"ﬂl /

Left-handed Compensated nematic Right-handed @}T:Z[&%’ | {g%%%%fﬁga@\“o’ 1] . ZHRBB K , HWF
FEENIT R T 3 568 2 o 9 1 72 A o9 N T s 4
Contents NI R R E b ALY S | R N

1 Introduction

2 Handedness inversion in light-driven cholesteric
liquid crystals

3 Handedness inversion induced by helicity change of
light-driven chiral switches

4  Handedness inversion controlled by chiral conflict
of light-driven chiral switches and chiral dopants

5 Conclusion and outlook
518

TR LS AL 3 A7 AE T H AR St S U A i
FEIRT HARR IR D) RE 1% H LA 491 G st A% A= A (5 B
) DNA | RNA, DA K 4 Bl A 1 A B A9 I 3R
SR b sl R rh IR LS F AR 5 ok
AHEAE RS B O LA Z IR 5 R 1 o
FEEAT 12 2D fldn, 5240 B i ( Chrysina

+248-

[y

2574 (Photonic bandgap ) , fifi 4 1 I K /06 Jo 12538
P TTRCR PR S S . TEARZ 6T fhik b, BA A
YRR At R AR R Il RR | PR R S B
I8l i I A, A B 4 R ' T A AR B Ml R 2016
e T v R

B3l = I N1 /R A I S T
( Cholesteric liquid crystal ) HA7 i Wi 02 e 254, 2
SEEL AR E AR AR R IR SRR A
T AHHERUZAR BN T —E 7 AT HES ) A1
LR Z 8] 0 43 -1 205 4 T ) e i — o 1) fA i
(29709 15°) JE 1L JA ) PE MR e 45 4120, MR ( Pitch,
p) FRTHET7 7] ( Handedness ) J2&: 22 71E JH 55 AH A 12 e
SER IS SR, A BT E T RS G A
Bl i o HC e | R Ay 1 B [ 94 A MR e Al e
360° (12 B, MHE AT RS ST E i A =np (n W
ALV I 3 8 32 ) | s iR AT L) 5 1E S A

Progress in Chemistry, 2023, 35(2) ; 247~262



XNGETRAS + JIELF55 AR RE D 1] ) D142

Gk 5L

WA PENE SO OB . BRBEDT 10 0 J= 18] 731 e %
(77 1w, 73 R 7 TSR A T-880E , s 1 Se Y
AR o BT TR B4 AEL 5 R R AR U S A e [
TRt , FeZ AR89

&4 0 Ak, R FH S0 5 A0 1 IR R AR R
MRFSE TR IZARE > SR A PR MR 45 4 & A
BHELAIATAE EORHR R, 2 PR A I A9 i A B
i B ) R EOR 3 1 HEI Ko A R E AR AL, AL
B I3 ) A TR TR 2 A R A I S AR Y
FHAS . A RESh A A P2 {55 A s (8 e 7 1, UL A
SRR ORI 0 19 i iR 1, 0 B % R RLAE A 3R
isp i N TR VRSP IR o s NN R B3 O NN T E
PRI G2 B8 A7 = 4 s S5 BTy 20
FRECT T A A R 3 55 A1 SRR e 42 1L 55 A
T AR E LS 1, O BAT AR JC 4 fih | 2 [) SR NS
PRPESEORFY L I R V42 I 655 A VL MR
ZERA R RRIE T 15 I R BRSO R i e P ) BT 7 18
P I BT R ARLER RO TEE  E
T RHR At A MRRE R P R IE S A, BN R A A S
FHIR R EAS AL ) SR, 70 A7 73 5 44 0 98 422 R e
FHEE AR AOSE IR, JF0HE B A 28 T I A4 kLA
FIREM A ST IR

2 SRz AB & A R AR B SR e R A

TE 1] 50 AH W & 51 AT 4 F FF 5K (Chiral
switch ) 2 i i 76§ FR T A9 RO IRDe
— 5 TR 7 IF G Tk b O BRI i 01
HEZIE RS54 , 75 — D7 TG BT ORI 56 & AR
SRk RN e b R MR R T ), T
T AT T ) G AR T SR E 285 #4114 B 0 BB A R
T4 i 71 (Helical twisting power, B) , H:5 10 it ¢
FHPEALX B = 1/pe(c HTM0FIF RMB I UK
BE) o WA SRR M ) 4 1 S A R ER A T
FoFHRTE o OGRS JIEL S ARV At A R e R 32 A,
TR (B 1a) . {5, GG T 1 I 5¢
R SR AR SN, SR TEH I T ARG, ME S Rt ) MR
PRI, IRl Sy #air 0 i, SRR T T 5
IR, I R TR 2 ) vh A T MR A A T MR Y 4
AHEE 200 1 R B H 1) 5 RH it PR BT, Pk 2 kg < b
£ F A ( Compensated nematic phase) . Bl J5 , 12
T T 7 82568 O 43135 AR B 1) 0y 1o 184 K, WER B8 % ¥ D
ZIN R AR ST B AR 5 722 Sy 5 22 TR E D 1) AH S Y
RS AH

I DG H 05 5 JIEL 55 ARt i A MR e A 1) R

fhaEik e | 2023, 35(2) : 247~262

M = BLALH PRI (& 1b) « (1) FAE T I RAE LI
KA SR SN A LA Y < IR B
ARSI AR B AR AR T LS AR T B R
JREAEAL S 1 BT % 5 (2) 7 17 51 A 2 A o ] et 53
N SEHENEAN S BT F 01 & S AR N A TR 2%
FR ARG IR R v R R R AR L S A e T A
K7 SCBURBE TS 1A A

a Left-handed Compensated nematic Right-handed
= - =, = =
I 7 = € s
' & = 3 p
—_— o — s — ;é —_— =
of = ==, —
= = _— = 2
= - - =
= ) 4 3

Handedness inversion induced by changing molecular chirality

P helicity Left-handed Right-handed M helicity
- hv, -
<« -
. & > 5 > <_ W
= hv, .

Handedness inversion induced by chiral conflict

-

v
Photo-isomerization of chiral molecular switch ~~ —— W

Liquid crystal — Chiral dopant

B 1 TSI TG Sl E 5§ AR A R E 7 1) )
B IR (a) ROUR R B (b) b AL M 435
RETFHT10 P IR M IR

Fig.1 Schematic illustration showing (a) the process and
(b) the mechanism of handedness inversion in cholesteric
liquid crystals ( CLCs ) induced by light-driven chiral
switches. P or M represents the P-helicity or M-helicity of

the chiral molecules
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Fig.2 Typical chemical structures and photoisomerization
of chiral switches, including azobenzene, dithienylthene,

and overcrowded alkene
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Fig.3 (a) Chemical structure of chiral switches 1. (b)
Chemical structures of chiral switches 2a~2¢. (c¢) POM
images of 10 wt% 2a in 5CB (left), after 310 nm UV
irradiation for 30 s ( middle), and followed by 670 nm
irradiation for 60 s (right)"*'. Copyright 2011, American

Chemical Society
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Fig.4 (a) Chemical structure of the chiral switch 3. (b)

o

POM images showing the switching behavior of the
cholesteric phase, which is right-handed at initial state,
changes to compensated nematic phase and finally becomes
left-handed. The CLC is induced by dissolving 6 wt% of 3 in
nematic MLC-2039 upon irradiation with UV light for
different time. From left to right, 0, 4, 5 min, and the
photostationary state**'. Copyright 2002, The Royal Society

of Chemistry
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Fig.6 (a) Chemical structures of chiral switches 4a~ 4e.
(b) POM images of light-driven CLCs between the open
form (left) and closed form (right) by light irradiation.
Along the corresponding POM  images are described
schematic  illustrations™™ . Copyright 2012, American

Chemical Society
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Fig.7 (a) Chemical structures of chiral switches 5a and

5b. (b) POM images and corresponding diffraction patterns
of CLC containing 1.0 mol% 5b under 2.2 V AC electric
field. The handedness inversion of the CLCs is triggered
upon visible light irradiation, inducing the change of the
diffraction patterns change PSS440nm ( left ), transient
nematic phase ( middle ), and PSS530nm ( right ) 7.
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2015, Wiley-VCH
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Fig. 10 (a) Chemical structures of chiral switches 7a and
7b. (b) POM images of a planar aligned cholesteric film
containing 10 wt % 7a in ZLI-1132 at room temperature,
showing reversible phase transitions occurring by light
irradiation of the sample inside a 5 wm cell'®. Copyright

2010, American Chemical Society
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(a) Chemical structures of chiral motor 8, 9 and
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Fig. 12
process of chiral motor 11a~11c. (b) Photographs and the

(a) Chemical structures and light-driven rotation

transmission spectra of the CLCs with recorded patterns
under nonpolarized light, left-, and right-circular polarized

light'*. Copyright 2020, Wiley-VCH
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Fig. 13

(a) Schematic illustration of the mechanism of

handedness inversion in self-organized helical

[73]

superstructures induced by chiral conflict"”'. Copyright

2013, Wiley-VCH.
switches 12a ~ 12c.
switches 13a~13d
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(b) Chemical structures of chiral

(c¢) Chemical structures of chiral
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Fig.14 (a) Chemical structures of chiral switches 14a and
14b. (b) Schematic illustration of preparation process of
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photographs of fluorescent binary code under UV light (365
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Copyright 2021, Wiley-VCH
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Fig. 15
(b) Chemical structure of the chiral switch 16 and the chiral
dopant LM36

(a) Chemical structure of the chiral switch 15.
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Fig. 16

CLC under 405 nm violet light irradiation (8.8 mW-+cm ™).

(a) The transmission spectra of the light-driven

(b) The light-driven spectrum tunable Airy beams.
Micrographs and reflected diffraction patterns under 0, 2,
45, 65, 85, and 150 s violet light irradiation, respectively.
Copyright 2019,

The scale bars are 100 pm'™.
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Fig. 17
and the chiral dopant R5011. (b) POM images to show

changes of microscopic optical textures in cholesteric

(a) Chemical structures of the chiral switch 17

microdroplets under 365 nm UV irradiation (15 mW em ™).
Anti-clockwise (i and iv) and clockwise (viii and x) arrows
indicate the opposite spirals; the dashed line (v) connects
two point defects at the poles of the droplets and the dashed
ring (ix) indicates a ring defect ™', Copyright 2017, The

Royal Society of Chemistry
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Table 1 HTPs of the chiral molecular switches in LC hosts and the changes between different states

Mechanisms Chiral molecular LC host Binitial B AB,." ref
switches (pm™, wi%) (pm™", wit%) (pm™, wi%)

Changing Dithienylethene ZL1-389 13 ~0 13 52

molecular PCH 6.6" _8.3° 14.9 56

chirality 5CB 54 -75 129 60

E7/CB7CB 8 -16 24 61

Azobenzene MLC-2039 0. 81 -4.3 5.1 54

5CB 23.20 =-7.3 30.5 57

ZLI1132 32 -16 48 64

Overcrowded alkene E7 90 -59 149 66

E7 44.3 -17.3 61.6 70

SLC1717 -20.7 12.3 33 71

7111132 75.5 -88.9 164. 4 72

Chiral conflict Azobenzene E7 111° -33 144 73

SLC1717 -0.89 2.9 3.8 74

Cyanostilbene SLC1717 9.4 =7.6 17 75

AR

max

is the absolute value of the change in HTP value between the initial and the photostationary states.” The HTP is calculated by molar

concentration. © Positive and negative signs represent right- and left-handed twists, respectively.
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