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Abstract: Near-infrared circularly polarized luminescence (NIR-CPL) materials offer the dual advantages of
deep tissue penetration and high information capacity, holding great potential for application in optical anti-
counterfeiting, data encryption, bioimaging and optical devices. However, existing materials suffer from low lu-
minescence asymmetry factors that are difficult to tune, which limits their practical application. To address this
challenge, this paper reports a high-performance NIR-CPL system based on cholesteric liquid crystal elastomers
(CLCEs). By incorporating near-infrared luminescent molecules into CLCEs, a photonic bandgap is formed via
the periodic helical structure of the CLCEs, enabling continuous control over the photonic bandgap position. No-
tably, when the photonic bandgap closely matches the emission peak of the NIR luminescent molecules, circu-
larly polarized luminescence is significantly enhanced, yielding a maximum asymmetry factor (g,,,) of 0.3.
This study not only provides a simple and effective strategy for developing high-performance NIR-CPL materials,
but also establishes a material foundation for advanced applications in cancer detection and multi-level informa-

tion encryption.
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B2 3 OCHE  SRTT, B NIR-CPL M BT A&t
AR TR T (g ) 5 38 AR ELAS AT 85, 328 oK 3K 3]
SEBRFHEOC AR TR o B, IR R SRR
e A2 G AR L R K O A 0 B TR T /9 NIR-CPL 4
BEEAREENZE L™,

RS AH WA #8 PE K (Cholesteric Liquid Crys-
tal Elastomers, CLCEs) & — 281 FHERIMF A 4H
B Ly L H A )P R A oK A5 R Y g
PR CLCEs B A7 IH £ A7 W & 19 A 5 1 5 58 1
A IO 285 B9 AR 3 P, R e R T A1 B 38 (T
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tonic Bandgap, PBG) i [FI B, 122 W8 Jité 45 #4) 25 1k 14
b 2 S8 5 L 1) AH (] 64 158 O 9% O'G L T 3 A AH B e
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T VR M R 4 v, R R S S i )
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PBG 344 NIR-CPL AR 5 A 2k, I by e ok g

P K MR 1 AL S B A1 T SR s, [ e s ST A
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2.1 B FHER

UL 2L 40 3 F TPAQA & 1l 4% 28 4n &1 S1 R 7w
[44SR i AR 1 T 40 G D R S 2 Sk,
TPAQA W) A& R H AR T ¥tk &4 8(2.00 g, 2
mmol) F L4 4 6(1.00 g,5.5 mmol) fill A 250 ml
[ JEE B P, A G 7K 2B (20 ml) |, FH 38 ] 3 45
PERCRE 18 ho 5 1R RN IFR H B IR, e bR &
VR, SR AR 2 M oy B B Al VR B 5 DCM
F B =100:1~20:1, 13 BRI AR K 0.5 g, = %N
33.4%. 'H NMR (400 MHz, DMSO-d,) & 8. 46 (d,
J =15.2 Hz, 1H), 8.35 (d, J = 8.4 Hz, 1H), 8. 18
(dd, J = 12.4, 8.8 Hz, 2H), 7.97 (d, J = 9. 2Hz,
1H), 7.91 (s, 1H), 7. 78 (dd, J = 19. 2, 8. 4 Hz, 3H),
7.66 (1, J = 7.6 Hz, 1H), 7.48 (d, J = 8. 4 Hz, 2H),
7.40 (s, 1H), 7.25 (d, J = 16. 4 Hz, 1H), 7. 02 (d,
J = 8.4 Hz, 4H), 6. 86 (d, J = 8. 4 Hz, 4H), 6. 77 (d,
J = 8.0 Hz, 2H), 4.79 (s, 2H), 3. 73 (s, 6H), 2. 79
(s, 2H), 1. 86 (s, 6H). “C NMR (101 MHz, DMSO-ds)
5 172.78, 162.30, 155.86, 148.22, 147.98,
146. 59, 141. 73, 139. 94, 139. 79, 139. 27, 138. 82,
138. 27, 136. 35, 132. 43, 130. 67, 130. 52, 129. 99,
129. 64, 128. 15, 127. 12, 126. 84, 122.70, 119. 41,
119. 16, 117.90, 114. 95, 113. 95, 113.18, 112.91,
55.24, 52. 80, 35. 78, 30. 76, 25. 74, 17. 91, MAL-
DI-TOF-MS (m/z): caled for C4oHy43N,05S'[M — Br]':
771. 290, found: 771. 579,
2.2 EEEMEERHE

T A A S BRI 1 TR A R, 45 2H 04 I
P SUKE R PR o, >R FH SCHRIGGE i W20 R B IR 85 G
& S K T2 6", L LCE-3 A fh ok
i, FL AR R AN R - B 58 RM257(267 me,
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Fig. 1  Chemical structural formulae of the raw materials used in the preparation of cholesteric liquid crystal elastomers
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(TGA)7E U R 3l A1 R 0 e e v, THIR
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3.1 FEEEMBEREEEENEHRRERIT
R4 B ST A Bl % 26 & B T I Ak 4y T
TPAQA , HAH & &5 ¥4 R AE (& S1~S4) 5 2% 1% A
(Pl S5) MR 45 S 3R B 325+ W 5 RO K
620 nm, KPR 823 nm, I BRI B iFnY R 4E
P ROCHRE . BEJS R TPAQA 5 1 %% Jin 5

FARE 1R, L IRB a0 & BRI 1%
S5011 A1 R5O11 & s s M AR 43 il i 24 R S-LCE, Fl
R-LCE(x=1,2,3,4,5). #ELL LA A S5011 % S-LCE,
6 Ho AR 25 25 0 5 v BE HEAT R AE . FT-IR W0 &
2a flf 7R ,1E 1637 em™ (-C=C-H 4 4R 3)) LA B2 989 cm
“'(RCH=CH, T #h 5 ity 41 2y ) B 3z 1 A WL %€ 30 A1 i
) AR A WA AT e 50 ) T 5 A 4 TR TR A 1A =2 (] Y
1 58 R AR L ) i AT 58 4, & W CLCEs & )
il % o PE T (TGA) 25 5 R (E 2d) , ZEA A
S B R T A FE G TGA B 5% 23 it 8 (Tsy ) 38 5
T 350 °C, e M R B A L 5 0 AR E M. DSC
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Fig. 2 Synthesis and phase behavior of LCE,, (a) FT-IR spectrum of S-LLCE_, (b-¢) POM of R-LCE-4 and S-LCE-3, (d) TGA
curve of S-LCE,, (e-f) Differential scanning calorimetry (DSC) curve of S-LCE,.
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5 W W s 24117 T 620 nm Ak, 36 B T 1 U )
S5011 75 £ X A4 kL 1) 58 S8 WIS AT o0 TG b 3 5 ),
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KA o X 5E SR ICEL B & TSR ALY
T FHE RN, BT T CLCESs M 5 1) 8 5 4
A VE T, (845 S-LCE-4 & 30 ) 4 1 9% 5l 9
FEAT Ry B A Al o JE SR S0 B i R B O R
B T EAERL . BEAL, S RSO AR
PE AR R R IR 2 B 58 4 — B b 25 4R R A
(ES8).
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Fig. 3 Optical properties of S-LCE,, (a) UV - Vis spectrum of S-LCE,, (b) Steady-state emission spectrum of S-LCE, at room

temperature, (c¢) Transmission spectra of S-LCE, doped with varying concentrations of S5011, the inset shows a photo-

graph taken under natural light conditions, (d) Transmission spectrum and normalized emission spectrum of S-LCE-4.
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Fig. 5 Mechanical properties of LCE, and mechanical control of its near-infrared circularly polarized luminescence, (a) Stress

- strain curve of S-LCE,, (b) Young’s modulus and tough

ness of S-LCE,, (¢) Elongation at break and tensile strength

of S-LCE,, (d) Transmittance spectra of S-LCE-3 over a strain range of 0% - 110%, (e) Photograph of S-L.CE-3 under-

going mechanical tensile testing, (f) CPL spectra of S-LCE-

illustrating the evolution of the chiral helical structure of the

3 over a strain range of 0% - 100%, (g) Schematic diagram

elastomer during the stretching process.
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