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Paintable cholesteric liquid crystals with synergistic
photothermal modulation
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Abstract: Flexibly tunable liquid crystal optical elements exhibit broad application in smart displays, soft
robotics, and information encryption. Cholesteric liquid crystals(CLCs) , endowed with Bragg reflection
characteristics and excellent external field responsiveness by their chiral helical structures, are becoming
strong competitors in this field. However, conventional CLCs usually rely on single external field
regulation with limited tunability, and their high fluidity poses challenges for effective encapsulation and
stable application on flexible substrates. To address these issues, this paper designs a thermosensitive
liquid crystal system incorporated with photoswitch, while introducing a paintable ink composed of ethyl

cellulose and terpineol to optimize viscosity, thereby achieving synergistic regulation via dual external
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fields of temperature and light. Experimental results show that the thermosensitive system enables
broadband regulation of the reflection wavelength from 420 nm to 1 000 nm within the temperature range
of 37 °C to 29 C. Upon incorporation of photoswitch, dynamic tuning of the reflection wavelength from
450 nm to 700 nm is achieved by light irradiation at a specific temperature, where temperature and light
synergistically determine the pitch variation. Systematic optimization of the mass ratio between CL.C and
the ink reveals that the 9: 1 ratio strikes the best balance between brushability and film-forming integrity.
This study successfully demonstrates photothermal synergistic dynamic regulation of the Bragg reflection
wavelength of CLCs on flexible substrates, enabling on-demand customization of specific reflection
colors, thereby providing a novel photonic platform with multi-external-field responsiveness and facile
flexible encapsulation for information anti-counterfeiting and smart display applications.

Key words: cholesteric liquid crystals; photothermal synergistic regulation; paintable ink; structural

color; flexible optical applications
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Fig.1 Chemical structural formula of materials

DL ORI A DGR oY 7 B i B 3 T 2 ) R4 A 2
SR A .
2.2 KRHE

5 A R BOW & R R (TLC) S1. #%
m(COC) :m(CN) :m(CD)=3:4:3 Jit = Lt FK HL
W 5y, BT AR U P, i A R
TAEAWBEE R . MR RE TR S
1, BL600 rmin e s P il 45 40 5y SR IR A .
fr—E@ W R U &

S2 el 5 k5 ST, KMETEIAT
FefFE T M1, fEML & #8 TLCIR R B R
2060 SRR H AR TR 5 kil £ S2.

x1 RRERGIFOEEL

Tab.1 Preparation ratio of liquid crystal system
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Fig.2 Temperature-responsive characteristics of the S1
system. (a) Optical textures and (b) reflection
spectra at different temperatures (37 °C, 36 C,
35°C, 34°C,33°C, 32°C, 31°C, 30°C, and

29 °C). Scale bar: 300 pm.

3.2 St R4

S2 2 FH R B0 A T SO BT PE 4 - ML
I (6] 4 O P R AT R AR R . IR R R
IR MR AT 6 G e R - AE AT O R
ST, CLC 9858 25 1 BE 25 A8 /N S BUR T K
KA R 5 e S MG BT, U8 e 45 #4 I B AR
K R G L0 AL o 33 Bh mT 1) O B0 e 45
A8 Ak R AR R S IO I 5 A A% AL

h R G VEAL S2 R F A e AT R L 38 1 58
it 365 nm A5 532 nm 7] WL G (406 ) IR
S, 3 T 2630 5k B O % 50l A SR 1Y A8 ok
2L ARAS TR F A AT UG B G TR R
(Bl 3(a)) Kotn] 4 s st otk th 2k (&1 3(b) ) o 5%
B gk R, S2 4 2 X 365 nm 48 Ah S 5 35 i 1
M, BT AE T WG B R S B s U e =

532 nm ZOG MGG B K A X ER 2%
X, 52T 450~700 nm P K P A AT 5 i 2k
PR

LRGSR IS UE I, S2 M R AL E A b
&R N BE J1, 8 ] 7E 365 nm 5 532 nm B P RR R
I IR R E T S BT 1O U, R B O S ol
PR R o IO e LA R 0 B R, Oy i S i
— 5 8 A T RE R RS2 G A  R) E s B e T IR
S AR5 S LA

50

(@)

(b)

. 200 Light ’
e /\{ nom. - /\V\ W
g b \
g1 [\/\/ AX
3 20 / \ %
i S =9 8
5 | /\ _
~10) /'L:&x\, o e e
Z
O e
450 550 650 750

Wavelength/nm
3 S2 K& /e mg B k1 (22.5 °C) o AL BT Y
(a) SL2EZU AN (b) REHERE . EIHHRR N 300 pm.
Fig.3 Photo-responsive characteristics of the S2 system
(22.5°C). (a) Optical textures and (b) reflection
spectra at different light irradiation. Scale bar:

300 pm.

3.3 I E MR T

H it — B S2 R RAE N H A R T
B A1 B R M AR SC LR RN S X 4 R
G R T IS S P R R L L A S
LIRS, S2 1 R X B — R EE ) B — 634 (365 nm
M5 532 nm T W) ¥y HLA R4 R i R BE
1, BARFI N T il SR WO IR T 5 S CLC
LR YR/ DT A S S K R AR RS s IR 2 BRI
8- R IR R L R NN T I D s A
B o 33 Ahout T BE 5% HR A 0L T ARG A O B P
) A P 4 40 T A E 3RS . LT Uk, D R R 4
HIAM S AR, EAF S E T ]
S B[] — S S ik 4 4 5 S L DT i 2 9 R
KRR Z YL 2 S B0R Y 5crh N Y ), 1



55 )

RS0, A OGN [ 04 T R RS R 98O 609

JE A Z B D5 R R 22 [ P R TR R IR R .

mE AR % S2RRE THERERSG L,
1 46 TR B B RE R 15 °CL B JE L 0. 1 °C e min Y
RN FHIR IR A 0.5 CoM I BE 181 B, B B Xl
PEIR RAE RN E T G N, 78 TR i e
b )2 il IS S S I TR] s A D'
B BE R A BT K 650 nm (£ %) 550 nm
(&% €8 ) A1 450 nm (5 €4) B X N7 19 24 214 K14
(K 4(a)) Ko 5t <k (B 4(b)) , R0 5%
25 ok B A6 R BRI . SCE R, Y iR &
22.5 CHf , K R S P AR 3735 3 450 nm (#D6
X ) o 7E B B 5 N 365 nm 554N G RE G, AT
W5 B G K % R A AR R I R e T
550 nm (&% X 3 ) , Bl BP0k 55 AR 6 B, it
Jei o 2R FH AR [ ) 35 4 0 7 4 22 0 47 T 1R RN L
AL BR IFFE A 3% 650 nm 550 nm Az 450 nm X
() 24U 5 6 % AR, DLSRIE R & 0 AT 5 R
FEME

19.0 °C

300 um

Reflection/%

450 550 650 750
Wavelength/nm

B4 S22 ZR W E AT R 0 N 45 o AS TR BE RN ' BE R (1)
(a) LU A (b) gH6ig. BIhbr R 300 pm.

Fig.4 Photothermal synergistic response characteristics of
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the S2 system. (a) Optical textures and (b) reflection
spectra under different temperature and light

illumination conditions. Scale bar: 300 um.
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Fig.5 Construction of the paintable liquid crystal system.

(a) Schematic illustration of screen painting,
showing that different patterns can be achieved by
painting; (b) Comparison of painting performance
on PET substrates with different viscosities: S3
(viscosity too low, causing blurred patterns) , S5
(viscosity too high, resulting in missing patterns) ;
(c) Red, green, and blue color-switching performance
of the optimized S4 system under different illumination

conditions.
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Fig. 6 Photothermal responsive color variation and its

application on a flexible PET substrate. Blue
corresponds to 23 C, green to 19 C, and red to
15 °C. Differentiated color display can be realized
by implementing different irradiation times in

different areas.

W T RE we L A % TR 58 X Ah B AR O
(365 nm) = AT LK (532 nm) (4 58 B2 % 3 HH 2
G E RN o TR AN ] 6 46 L ) B 5 25 4R T ()



55 )

RS0, A OGN [ 04 T R RS R 98O 611

PR P B R BRI AE ), R ST S B DX I 2 S Ak
T, BRI, 2 ] — 7 2 1 A ] DX dsl 2 i
A [R] 90 < 5 JEE Y O R, 4% X A CLC 83
e 245 ) e A AN TR i B2 ) A8 A, S SR BR™ A
22 A A% , AT 22 B A AN A R A9 BT . X —
PR T IZ R RAEE O IR T2 X . 2
ORI S G A RE 7, BRIVl 2o B 1 O B AR
G5 I3 A, AT AR B — g 1R S 2 0 R SR 4K
e il o X — DI RE AR B (U 2 A B th
PR 20 T TR (U0 2 (R T 40) S8 0 4R At
1A IR AR

(EL A T B2, IR AR 9t R 3R ) X [R) 31 [
IR 8 %E ANAZ i 2 T a1 O B a] AT R
WV Blan e A R R E AR N, 2 K
I 1] 5 A0 T 1 S5 f) AR o, HE (8 A A IXC 1] T )
KW A T7 97 5 Fe 2, 285 mT UL O B840 )
dinn IR R DX T 0 o) e e K7 sl s 2
18 3 R 5 A G B AT DL B BRI, AT DL
I T U7 B 0 i R A T A o i X
B 37 DX [ ) R A AL o T A T g R 4 R R
LB H R ST A AR T O A B ] R A A O AR
Pl S5 5 01 R A 0 ) B o 2 1
JE AN E AR U AR, 3G TR e A & O 2
HUR A o TR BT 4R L 3 4 T I i 9K Bl 7, O B
I S BT XK F WD B R AR Y T S R A A
R R, BOR ML TR R0 2 A i R A fE
T30 X ARSNGB R LG O T R B 22

Z F X #:

Ho 1 BE R — AU BER MO T AR IR AL T
H RO B TR R R R Ot B
Py A= A A 45 Al 12y o 3L T I 114 1 FH T

ABIEFE I I e T — b T A bl [R] 9 45
AT TR B CLC MR &, A 8 R A% 48 CLC S R
R e T e R P S B R  E d lR
B = n R R ST TR I R B S T
S B AE T IO 2 0 41 A1 I B i 93 1 3l 25
PP UV B, B TR E 5O
Z 8] £ B ] 3 4, B[R] — S S 2t ml e o AS [ A
W ER SR 5 S B, D AR SO 5 By O B A A A3
T R G T R VE S ORI L AL BT XS
VRt B RL I Sl P R M LA S P 2 A [ A Bk
FIA & HEE 2 2855 0 il e A A2 AT 2 R i 2R 4 R
DU A B S A5 0 2B B AR R (9 D), S B
T CLCARRTE PET LI I 5948 2 U 5 %
e AR TR o 12 R I A B T R A
PR W T AL ST S s S RE T .
JO7 JH 36 Ik 2 T O ) 2 P e 2 ) i R A AR R
AP AT PR AT R e ) [R] R X
Sl A ' R RN RE T 5T 4 AR ) I RE RS B L, FE O
JEBL T OGS U R 5 B MR . IR RN R
PG 2 IR AR BB O R BE S s K il R AR IR AR
GURTFRE T OB R AR

ZHANG H, HE Q X, ZHANG F, et a/. Biomimetic intelligent thermal management materials: from nature-inspired
design to machine-learning-driven discovery [J]. Advanced Materials, 2025, 37(30): 2503140.

WANG R J, LEI Z H, JIANG J H, et al. Liquid crystal based programmable active materials [J]. Responsive
Materials, 2025, 3(2): e20250001.

MA L L, WEI'Y, WANG N, ez al. Soft matter photonics: interplay of soft matter and light [J]. ACS Nano, 2025,
19(12): 11501-11516.

XU J, WAN H, FANG Z Z, et al. Continuous fabrication of Janus liquid crystal elastomer fibers with programmable
actuation [J]. Nature Communications, 2026, 17(1): 2254.

ZHOU Y, WEI C, JIN L H. Fracture of liquid crystal elastomers [J]. Proceedings of the National Academy of
Sciences of the United States of America, 2025, 122(38): e2510727122.

LIU S J, ZHANG Y H, SUN R, ez al. Multidimensional photopatterning of heterogeneous liquid-crystal
superstructures toward higher-level information optics [J]. Advanced Materials, 2025, 37(37): 2506778.

HUHL, WAN W T, LIU X, ez al. Paintable soft photonic architectures featuring multi-stable light-actuation [J].

Light: Science & Applications, 2026, 15(1): 10.



612 RS RN %41 %
[8] it . WAPOLTA—LIZ AW ERHET]. #32,2023,52(2) :116-124.
LU Y Q. Liquid crystal soft mattonics multi-degree manitipulation of light [J]. Physics, 2023, 52(2): 116-124.
(in Chinese)

[9] MALL,LICY, PANIJT, efal. Self-assembled liquid crystal architectures for soft matter photonics [J]. Light:
Science & Applications, 2022, 11(1): 270.

[10] WANG ZY, ZHOU Z, ZHANG H, et al. Vectorial liquid-crystal holography [J]. eLight, 2024, 4(1): 5.

[11] BISOYI H K, LI Q. Light-driven liquid crystalline materials: From photo-induced phase transitions and property
modulations to applications [J]. Chemical Reviews, 2016, 116(24): 15089-15166.

[12] 3R A, FRam] . FAEETF A FOM A IR BE S M BT S b R [T & &y 5 27 ,2025,40(1) : 75-94.

HU H L, ZHENG Z G. Progress on chiral photoswitches for constructing liquid crystal helical structures [J].
Chinese Journal of Liquid Crystals and Displays, 2025, 40(1): 75-94. (in Chinese)

[13] HEE, 27 &, cF . R RERNSHERESH AT &5 25,2024,39(3) : 349-368.

SHANG Y Y, WANG J X, JIANG L. Dynamic regulation and application of cholesteric liquid crystal patterns [J].
Chinese Journal of Liquid Crystals and Displays, 2024, 39(3) : 349-368. (in Chinese)

[14] YUANC L, LIU H X, ZHAN Y X, et al. Electro-thermo cooperative responsiveness of cholesteric heliconical
photonics architectures featuring adaptative sensitivity [J]. Advanced Materials, 2025, 37(42): 2507000.

[15] SCHLAFMANN K R, ALAHMED M S, LEWIS K L, et al. Large range thermochromism in liquid crystalline
elastomers prepared with intra-mesogenic supramolecular bonds [J]. Advanced Functional Materials, 2023, 33(51):
2305818.

[16] ZHENG Z G, HU H L, ZHANG Z P, et al. Digital photoprogramming of liquid-crystal superstructures featuring
intrinsic chiral photoswitches [J]. Nature Photonics, 2022, 16(3): 226-234.

[17] QIN L, GU W, WEI J, et al. Piecewise phototuning of self-organized helical superstructures [J]. Advanced
Materials, 2018, 30(8): 1704941.

[18] ZHANG X, TANG Y Q, MA Y, et al. Azopyrazole-based axially chiral dopants with high thermal stability in
cholesteric liquid crystals [J]. Advanced Functional Materials, 2025, 35(32): 2425752.

[19] WANG H, TANG Y Q, KRISHNA BISOYI H, et al. Reversible handedness inversion and circularly polarized
light reflection tuning in self-organized helical superstructures using visible-light-driven macrocyclic chiral switches [J].
Angewandte Chemie International Edition, 2023, 62(8): ¢202216600.

[20] CHEN P, SHEN Z X, XU C T, ez al. Simultaneous realization of dynamic and hybrid multiplexed holography via
light-activated chiral superstructures [J]. Laser & Photonics Reviews, 2022, 16(5): 2200011.

[21] LIUBH, YUANC L, HU H L, ez al/. Dynamically actuated soft heliconical architecture via frequency of electric
fields [J]. Nature Communications, 2022, 13(1): 2712.

[22] XIONG J H, WU S T. Planar liquid crystal polarization optics for augmented reality and virtual reality: from
fundamentals to applications [J]. eLight, 2021, 1(1): 3.

[23] YUANC L, CHENJJ, LIU B H, et al. Hyper-stable field-stimulated soft cholesteric heliconical architectures [J].
Matter, 2023, 6(10): 3555-3573.

[(24] o3, Z AR, Xk E 5 . T JE {5 AR VA A0 R Y B8 063 Bl B O ML I [T ). & 5 %+, 2021,36(8)
1061-1068.

JIAS Z, YUAN C L, LIU B H, er al. Photoelectronic modulation of broad spectral dynamic range based on
heliconical cholesteric liquid crystals [J]. Chinese Journal of Liquid Crystals and Displays, 2021, 36(8): 1061-1068.
(in Chinese)

[25] RYABCHUN A, FLORIDA Y, LI Q, et al. Photo-controlled dynamics of cholesteric polymer coatings via
hydrazone crosslinking [J]. Angewandte Chemie International Edition, 2025, 64(31): e202507358.

[26] NAM S, WOO S, PARK J Y, et al. Programmable optical encryption using thickness-controlled stretchable chiral
liquid crystal elastomers [J]. Light: Science & Applications, 2025, 14(1): 136.

[27] LIS L, CHEN Z Y, CHEN P, e/ al. Geometric phase-encoded stimuli-responsive cholesteric liquid crystals for

visualizing real-time remote monitoring: humidity sensing as a proof of concept [J]. Light: Science & Applications,



%55 W RS0, A OGN [ 04 T R RS R 98O 613

2024, 13(1): 27.

[28] SHIY H, HANJ L, JIN X, et al. Chiral luminescent liquid crystal with multi-state-reversibility: breakthrough in
advanced anti-counterfeiting materials [ J]. Advanced Science, 2022, 9(20) : 2201565.

[29] HUHL, HEM, LIANG X S, et al. Multiple degrees of freedom photoprogramming of soft helical microstructures
featuring copper-gated photoswitch [J]. Matter, 2023, 6(11): 3927-3939.

[30] YUAN C L, HUANG W B, ZHENG Z G, et al. Stimulated transformation of soft helix among helicoidal,

heliconical, and their inverse helices [ J]. Science Advances, 2019, 5(10): eaax9501.

EER N

HER S A RIS 01, 20224F F A R BE T R AR 254, F 2T S e kL 5 62
AR PEREAYFSY . E-mail: hlhu@ecust. edu. cn




