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Preparation and Controllable Deformation of White-Light-
Programmable Main-Chain Poly(disulfide)-Based
Liquid Crystalline Elastomer
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(1. State Key Laboratory of Precision and Intelligent Chemistry; 2. Department of Polymer Science and Engineering,
University of Science and Technology of China, Hefei 230026, China)

Abstract: The introduction of dynamic covalent bonds addresses the challenge of difficult reprocessing and recyclability
after curing in traditional covalently crosslinked liquid crystal systems. Disulfide bonds have attracted considerable attention
due to their multi-responsive behavior to thermal, light, and redox stimuli. A main-chain poly(disulfide)-based liquid
crystalline elastomer (PDS-LCE) film was successfully prepared by terminal modification of thiol-terminated liquid
crystalline oligomers (SH-LCO) with 1,2-dithiolane functional groups, followed by white-light-mediated ring-opening
polymerization combined with stretch-induced liquid crystal alignment. The distinctive white-light response enables spatially
resolved programming of the resulting PDS-LCE. Optimal fabrication conditions were identified as an initial polymerization

time of 4 h, a pre-stretching strain of 200%, and an SH-LCO molar ratio of 20%, yielding an aligned film with an actuation
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strain of 35.2% and a work capacity of 340 kJ/m3. By employing photomasks during irradiation, localized alignment can be
selectively locked, generating internal stress fields that drive out-of-plane deformations. For example, a rectangular film
programmed with an H-shaped mask adopts a twisted configuration at room temperature. Owing to stress relaxation during
the stretching process, the programmed regions retain a longer equilibrium length than the unprogrammed regions. Upon
heating, this length mismatch creates internal stresses that reshape the film into a saddle-like morphology, allowing room-
temperature and high-temperature shapes to be programmed simultaneously. A regular octagonal film subjected to sequential
masking and stretching steps spontaneously forms a double-arch morphology at room temperature, which reversibly switches
to a saddle-shaped polyhedron upon heating. Furthermore, dynamic disulfide exchange under thermal stimulation imparts
macroscopic reconfigurability. Thermal erasure resets the material to its isotropic state, enabling subsequent thermal
reprogramming into new geometries such as a folded triangle or a rolled cylinder. The dynamic disulfide network also
provides excellent self-healing capability, achieving 94.3% recovery of mechanical properties after thermal healing, as well as
complete chemical recyclability via reductive depolymerization with a recovery yield of 92.4%.

Key words: poly(disulfide) materials; liquid crystalline elastomer; controllable deformation; self-healing;

recyclability

WA R (LCE) J& — 28456 T WA 45 1) S Pk S AR S B ik i 8 R b R, HL I S5 R IR AE T RB IS ZE A Ol
SEHNFR T 3 Ay b TT A - T R AR AT R B A 2 S AR, DA S B P 45 B 1) HLAR ) Y
B0, X —4EPE A LCE 78 R BLAR A0 T LRI 00120 K 5 A 4003170 28 45l o B0 1 1L 4 194 1o 1
Hii 5t . LCE BN IF 458 —A0 A 18 W 2 MUK 3h 2 G5 i BRAE ST 4, PR B0k 24 B AT BRI s 22—

5 55 () JE 7 A e 28 TR %) TR e R A 5 4 I R S E AN T, X — Ry BR M B 3 2 T H h e 4 B
S5eBR . BB A A - e B S AN B B ) ARG PRI, S R X — SR A T A Rk R0,
S IO IE I S AT K A T 3 B T 2L S RO A, T AR A A R R A B A
FRPEDD, HAT, 20 sh 25 300 2 A, A5 3 T 3R s iy 2021 | Diels-Alder 21 122231 JE 5l 1 3h 25 8 DA K2 —
B B 24 il 25-280 ol 9 R i 12000 45, 2, B ) 07 FH V0t SR PR AR R o 4% o FE X S s AL B v, iR A
XA TR A I SR ) 22 F e oy P T A A2 B, B AT, B RS I AR IR R R A 3 M (D E
F 8 i B A IR 234, (2) 3 1o S Ak 22 i (B Y B B S IR A A 5300 (3l i 1,2- BRI IR 1)
FARAIE R TR R H MO, F 2 P72 20 ah A m i A RS A 0 2640 B 28 vh ) Sl A
ZEI A5 AT 336 T SRR O A R Bl A R . 5 3 FRORREAG T — R ARAE Bh A B L BE R RN 4%, R AE AT
IR Z D RE AL A AT [EcPE S5y T HAA R E W SR, M RTAEAE 5 — A SR A R
pi SR A5 W P B 1) R P 2 T ) A, 3k AR AR 1 BIR il 1 I 2R e o i 55 ek ) 2 S0 RS R L] 42 bk o

R SGE i Y B LCE 38 5 M 5 B 2 19 S8 A6 HEA T 25 B 0K B, 33X A ) T P47 A Ak 1) &5 R e 1 AR e K
MOBHE F A5 4 o 34, BFIE R B 1,2- B C IR AN X 5 AR e 1, 108 BB AE 1G24 FF AR A R,
o A5 R A BE A ) FE 1 ' G R I ) 38390 545 5 1) A ek 11 2R AP ST i oy AR [] 140431 1 S ELAT B iR 1) 20 0
A& 71, M LCE 1Y ZRE g FE A3 T 5 2 0] G

BT, ABFIE B e H4 T R B 0 A SR B Y (SH-LCO) , - #E— 2 75 HOR S B i 1,2- BRI B fiE
A1, 15 BI85 = 2 1 3 i A9 9 IR SR P (LT-LCO) o BifiJ=, FIFH LT-LCO 7 B HIB T BT IR G R, )
T ERERIR GRS AR (PDS-LCE) R . 1% 4 SR W AN UM T B4 6} R A 1) sh A ek, i HLAT mT i
H A& ST RE, AR REASTE FOGHIBL T SE B 2 R g A, 58 B 24 0 vl AR T8, A st AR IR ol % 1
FARME T BB BB S ARG

1 SEEES

11 FEEFEP

1,4-X0-[4-(3-TN M Bk A L A 48 36 ) 2K ik 480k 1-2-FF 62K (RMI257) | 2,2°-(F. 2 483k ) . Z#i % (EDDET) |
WioEme . 4-— W & L0 nE (DMAP) | ZrHEZE 9. I 104: S0 trali, g3 vo bR A bR Iy A FR 2 &1 5 Bl A
fL81 (NaBHy) : 434, o [ B2 2542 A BR S A5 i ARCE DT st , ZRUE TR A TR A R, Z1IEWN % (DPA) |



%53 PR, S T DB TR IR OB AR i A R T T 203

1-(3- F G LN 5L ) -3-2 0k — W e £k W 25 (EDC) : 43 Hr i, 1 W Bl T A= Ak BHEE ety A BR S & o
1.2 WX 5 &R
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HE A 20 mm/min,

J7 X G (WAXS) : ZE A IR D R S S2 0 = AT M X G4l 5856 o 3 —3k 4 emx 1.5 em [9%H
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Fig. 1 (a) Synthetic routes of SH-LCO and LT-LCO; (b) 'H-NMR spectrum and (¢) GPC curve of SH-LCO; (d) 'H-NMR spectrum and
(e) GPC curve of LT-LCO
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1.3.1 SH-LCO #9#]%& ¥ RM257(30.1 g, 51.2 mmol) 5 EDDET(12.6 g, 69.1 mmol) % T~ PN i 1, F i AL 5]
DPA(698.2 mg, 6.9 mmol) LA AL TE 72 /R AN N o 25 °C $i 4k 12 h J5, IS WAk S bl 0, 76 2 i e rh i
WA SO S8 IS T, BGH R R R, T C PRV 3 1k, 133 SH-LCO 30.6 g, /= F 25 70%.
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68.8 mmol) . DMAP(21.0 mg, 0.2 mmol) 1 EDC(13.2 g, 68.8 mmol), %= i& i £ 12 h. )5, H ZEEE % 6 R
AW, 1538 LT-LCO 20.4 g, =20 85%.
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Fig. 2 Preparation of PDS-LCE film and its white-light programming
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Fig. 3 (a) Optical images and (b) WAXS patterns of PDS-LCE films before alignment (left) and after alignment (right); (c) POM image of the
nematic PDS-LCE film; (d) DSC curves of the isotropic PDS-LCE film; (e) Reversible phase transition and associated anisotropic
contraction and (f) 50 heating-cooling cycles of actuation strain for the nematic PDS-LCE film; (g) Optical images of the nematic PDS-

LCE film lifting a load upon heating and (h) work capacity of PDS-LCE film under different loads; (i) Stress-strain curves of the
isotropic PDS-LCE film
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Fig. 4 Effectof (a) initial polymerization time. (b) pre-stretching strain and (c¢) SH-LCO molar fraction on the actuation strain of PDS-LCE films
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(b) Schematic illustration of dynamic disulfide bond exchange under thermal stimulation
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