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Patterning and Mechanochromism of Stretchable Cholesteric Liquid
Crystal Elastomers

MIN Zheng, JI Bo, QIN Lang, YU Yanlei
(College of Smart Materials and Future Energy, State Key Laboratory of Molecular Engineering of Polymers,
Fudan University, Shanghai 200438, China)

Abstract: Cholesteric liquid crystal elastomer (CLCE) is a photonic crystal material with a periodic helical structure that
combines unique optical anisotropy with mechanical stimulus-responsive properties, demonstrating broad application
prospects in flexible photonic devices. However, the preparation of patterned CLCE still faces challenges. Based on the thiol-
Michael addition reaction, thermochromic cholesteric liquid crystalline oligomers (CLCO) with controllable degrees of
polymerization and varying chain lengths were synthesized, and the structure-property relationship between their liquid
crystal phase structure and structural color was systematically explored. Utilizing the temperature-induced cholesteric-smectic
phase transition effect, the structural color of CLCO can be tuned to cover the three primary colors, red, green, and blue,
within a wavelength range (A4) of 126 nm. Patterned stretchable CLCE films were prepared through local
photopolymerization at different temperatures. By further decreasing n( Acrylate) /n( Thiol), the degree of polymerization of
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CLCO was enhanced and the crosslinking density of CLCE was reduced, resulting in an increase in its elongation at break to
200% and enabling force-induced color changes across the visible spectrum. This study not only provides new insights into
the dynamic regulation and patterning of structural color in CLCE, but also establishes a material foundation for applications
in information encryption and anti-counterfeiting.
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Fig. 1 Schematic synthetic routes to CLCOs obtained from three liquid crystal monomers (RM257, RM82 and C11A) via a thiol-Michael
addition reaction
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#1 BHAREAEE CLCOs i JFRHE L (BE R 204K )

Table 1 Feed composition (mole fraction y) for synthesizing CLCOs with varying degrees of polymerization

1%
Sample n(Acrylate)/n(Thiol)
RMS82 RM257 Cl1A LC756 EDDET DPA
S1 63.0 0 0 33 33.0 0.7 2.0
S2 57.0 0 0 33 38.0 1.7 1.5
S3 49.5 0 0 33 45.0 22 1.1
S4 445 0 5.0 33 45.0 22 1.1
S5 0 63.0 0 33 33.0 0.7 2.0
S6 0 57.0 0 33 38.0 1.7 1.5
S7 0 49.5 0 33 45.0 22 1.1

132 PVA R EHFBAMGHE B 56, B PVA BEMAEK T, 80 C IFAIFIEHE 2 h, il £ it 0 50k 5% 1)
PVA W . #% 3 cmx4 cm MBI EEAR A B 75 T DEAL G VE 3 h 5 T8 . 4558, il S IS HLAE 3 38 B Al | L
2000 r/min % BEEVR LR PVA WK 30 s, B HETR 58 U5 I BEEE FAR S T 60 C G 1 he &Ja, M B HEHLXT
BET 09 E T W B SR AT AT ] BEREE AL B, 75 B B PVA HUn] 2 B 358 A

1.3.3 f2§ ARik dh MR e ] & CLCE Wi 1Y Hl s R B2 A0 18] 2 B o 7E ) Ji5 A 36 3 S Al 25 pm
(Y MRIFE 5L, B T R BEIEARE T 50 °C #45 L(FESL ST BRAM, AR 40 <C), ¥ CLCO JE T 2B I,
SR 55 LN RV 0 55— B B8 AR, T 4 3 I B A8 TR ) 19 T 1) T 2l ok IR B U, o T R 1 S R AR, 1F
FE it SR BT AT X 30T HEAA W W 450 )5, 785506 T BRYS 1 min, RIF] 45 2] CLCE %
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Fig.2 Schematic illustration of the fabrication process for patterned mechanochromic CLCE films via temperature-responsive color shifting

and localized photopolymerization
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Fig.3 'H-NMR spectra of samples S1~S7
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70 g 7, B G 2 SR i KA AT R (AZ) S 92 nm, AN JE DL 35 S A] O3 (8] 5(b~d) ) .
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5T RM82 5 CLCO 7E 50 C I A 25 (4 (B 0) ARl . 3 PO R S4 R FEHE R, S 3 B R AIRE7),
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Fig. 4 DSC curves of samples during the second heating cycle: (a) RM82/C11A-based samples S1~S4; (b) RM257-based samples S5~S7
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Fig. 5 Temperature-responsive chromatic behavior of RM82/C11A-based CLCOs: (a) Structural-color photographs of samples S1~S4 at 30,
50 °C,and 70 C; (b~e) Corresponding reflectance spectra of samples S1~S4 at 30, 50 °C, and 70 °C; (f) Variable-temperature XRD
spectra of sample S2 during cooling from 50 °C to 20 °C; (g) POM photos of sample S2 at 20, 30, 40 °C and 50 °C
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LY UITE NS O L A N RN R b N

T AR I X R AT R FRAE CLCO 7 B Tk A A8 vl iy M 722 U8 b R0 73 ok 560 E JHE 3R 2 g 1 28 €0 4 o
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BT 1) B AH R B RM257 R A CLCOKE (i S5~ S7) 78 T A FH TI BT PN T80 30 38 g 28 € P ot . i
P 6 (a) T/, 56T ) 51 A 504 RM257 & i 45 Y9 CLCO 7 Rt M T80 B 31 il PN 25 40 (8 AN B R B el 2 . AR
i b, RM257 5 RM82 Jk CLCO 7 il B i 1 M4 o 71 25 5 3 2 U5 Y0 o B o 485 4 D0 2 0 1Pk i) o i
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Fig. 6 Temperature-responsive chromatic behavior of RM257-based CLCO: (a) Structural-color photographs of samples S5~S7 at 30 °C and
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