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Construction of chiral luminescent liquid crystals and progress of the

circularly polarized luminescence
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Abstract: Circularly polarized luminescence (CPL) has become a hot topic, due to their potential applications in 3D dis-
plays, asymmetric photocatalysis, information encryption and anti-counterfeiting. Chiral luminescent liquid crystals ( CLLC)
exhibit unique advantages in the field of CPL because of their simultaneously integrate the elements of chirality , lumines-
cence, and liquid crystallinity. Compared with traditional doped CLLC, intrinsic CLLC possess the outstanding advantages
such as structural stability and no macroscopic phase separation, making them hot topic in CPL materials. This article sys-
tematically reviews the latest progress on CLLC, including molecular designing strategy, self-assembly behavior, and circu-
larly polarized luminescence. Firstly, analyzed the construction strategies of doped and intrinsic CLLC. Secondly, focus on
small-molecular CLLC with Aggregation-Induced Emission (AIE) characteristics. Finally, potential development directions
and solutions are proposed according to the challenges faced by CLLC, such as synergistic improvement in high asymmetry

factors and high luminescence efficiency, chiral transfer, and precise matching of photon band gaps.

Keywords: Chiral luminescent liquid crystals; circularly polarized luminescence; aggregation-induced lumines-
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Fig. 1 Chiral induction diagram of CPL generated by adding chiral dopant 1 to induce achiral liquid crystal 5CB; (a) Circular

dichroism spectrum CD and (b) circularly polarized emission spectrum under different doping ratios **’
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Fig.2 (a) Molecular structures of compounds 2 and 3; A schematic diagram showing the cyclic electric field-induced CPL in-
tensity switching under the application of a DC electric field™ and (b) a schematic diagram showing the chiral light-
emitting liquid crystals constructed by doping chiral dopants 4 and 5 of the same (R) configuration into liquid crystal
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and its aggregation structure in different phases "

(a) Structure of compound 7 and schematic diagram of CPL generation"”’

and (b) molecular structure of compound 8
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Fig. 5

structure of chiral dopant 8"

ral dopant 10; A schematic diagram of the CLLC strategy is shown'*’

(a) The process of forming a helical assembly of a chiral luminescent liquid crystal is shown, as well as the molecular

, (b) the molecular structure of nematic luminescent liquid crystal 9 and luminescent chi-

, (¢) a schematic diagram of the molecular arrange-

ment in the liquid crystal under the "off" and "on" electric field states is shown, as well as the molecular structure of AIE

luminescent material 11

, (d) the structural formulas of AIE luminescent materials 13-16 and chiral dopant 12; and a

schematic diagram of the construction of AIE chiral luminescent liquid crystal'*”
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(a) The molecular structures of compounds P-36 and M-36'""; (b) the molecular structures of compounds 39, 40; and

schematic diagram of the construction of the C-FRET cholesteric liquid crystal system'’, (¢) the molecular structures of

compounds 37 and 38" (d) the molecular structures of chiral dopants 41-44 and achiral acceptor 45"

HAR Gh A8 = Pk GYoRE 43 Y R AT A B R
(TDM) 76 43 T+ il Ao 1 6 4l 26 B 28 6 4% 1) 57
PE o T U, SR IR A ] A T — X R -2
AL (D-A) JEFHE ke kb or 7, 0l 8c 1 37
138 r7n o 37 B9 TDM [ i 5 4y F K b 47, i
3819 TDM I & 54> PRI H . ¥ 375038 5F
PEB R 48 A AR Tk 1) 50 A SLC1717 il 15
CLLC. i ot 48 37:38 (19 Joi & bb , SC 80 T 1 g
T 1 gy 1 98 455 (1 CPL, Hidie K g1, 355 T 0. 71
JRAE A CLLC 1 44k 73 TDM R[] £ R 6% 5 15
CPL 1y T € M) Je gy, (8L, 1B 34 B4 5 I R el 22
CLLC fy S8 5€ J7 [n] o 3 il i 0 5 Yo bl o+ 8
PESEHL CPL BN A4 A B 1 T CPL SR 43 AlE B
fifii

4.2 FRET%3EE CPL
PR AE R HE RS (FRET) 76 CLC 1A & P J2 3
IR OL 3 P A IR e AL L R o A
BG4S AEFHEZ AR, B IR B S - 15 5 1 A% 3
D N DS B0 i ol 1117 ST R (= R =
CPLYERE , A Bk oo & 24 1 T k6 F 1A .
A% P RS AL DL RO T A A T 40 1
Sk e AT R A R T & ks T 39 1 N Rk i
HF k52 R A # FRET 1R & | 38 1 fE &= A F 1
] 4% %%, 92 B0 T I8 i 4R 26 O I R Ak i 5% R% (C-
FRET) , 4n &l 8b iz~ o #AGR K 5 1 bR 5 7 40 7€
472 nm &b R H iR A9 22 € CPLAE 5, (A7 330 nm
WE T AE TR Z 5 7 39 3-8 T 59 11 CPL
55 [ I PR B AR AR CPL 0 2 K LA % gy W (B 4T



HoORE, A TR OGRS B SRR 4k KOG BT 7k R 11

B & 570 nm, R RAR RN K AE T A0 F
PEFG RS o (AR B AR A BAE 5 S 19 C-FRET HLTHI
I T A ¥ 1 CLC R R P9 iy Al 56 5 58 i 55 B8 L 3%
H ik 50. 8%, g BT ZE 0. 12, H{it{k-Z
1A B B8 o Forster 42 1N, BE = 5 52 32 2 40 46
UEBH T FRET AL A9 3 S VEH, i 14 D g
AR B A B W T TR A SR

J SCRE VR A T — B T A T
FRET ML 89 =JC F 1 CLLC IR & o 76 T R 5%
o iE S TR S A TR Z M T RS,
B ARAS TSR CPL, K PUFD F M REF T Lok
(ATE) B3Pk A BEIR (41-44) 1 2 Tk &6 H8 2500 i
AE i HE A, DL RCK K i R T M ALE AR M 2 R
(45)B AR m S AW ET E4R T A

CPL P4 fig 9 —JC CLLC, 4n &l 8d fir 7w . Hp & 1
4y F 18] FRET #LH A9 = 70 T4 &6 aE 0% & 5t
{5 9 JEE£106 CPL, 5 77 %0 16. 56% , I i 43
- [8] 19 58 & 5% A DL Ml CLC B8 2 1 A 4l 3% 7=
A FHES AR F a7 % 1. 51,
4.3 PBG 138 % CPL

FE CLC A Z v, J 300 1 9 e HE 51 T A3 7l
T Ah R 25K, R 1 1Y) 26 B8 M I 5 R U T PBG
MITE o 4 A B G I IE 0] 5 CLC B8 e J7 Il — 2
IRF 4R A TR Y FRL DA A9 Y 2o 436 P S 33, i A iz
JHE 1] (9 T3] g 9 06 00 /T 33 2o 03X — PR fl CLC iR
R AU T & i A v ) A2 A e 1B i A1 D6 R AT 22
A GECINITE SRS € Ei AR L E . = R
G TE R SRR

F1 KRUEFHELABRRERNERRELERECD

Tab. 1 Summary of circularly polarized luminescence properties of representative chiral luminescent liquid crystal systems

TR JCW IR &R RICAXHRHEF(g,.) "R (D, (%)) SCHR
2/E7 ($B4:0) -0. 20/+0. 26 21.32 [36]
3/E7 ($B4H) -0. 83/+0. 86 29.51 [36]

6 (AfE#Y) 0.021 98.4 [38]

8 (ARHEMY) State A 0 38.4 [40]
8 (AAiEH!) State B 0.025 18.9 [40]
8 (AfE) State C 0.15 15.2 [40]
9/10 (B447#4) 0.38 14 [45]
21 (ARAEHD) 0.11 48. 4 [49]

23 (AAER) thin film 0.03 36 [50]

37/SLC1717 ($B741) +0. 71/-0. 66 20. 16 [64]

38/SLC1717 (4B4H) -0.53/+0. 511 2.03 [64]

43/45/E7 (3B2400) 1.51 16. 56 [68]
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Fig. 9 (a) The molecular structures of chiral dopants (46-49) are shown, which can tune the photonic band gap (PBG) wave-

length by different concentrations of chiral dopants'®’ (b) The molecular structures of compound 50, low-temperature
nematic liquid crystals (PCH302 and PCH304) , high-temperature nematic liquid crystals (PCH3E02 and PCH3E04) ,
(R) or (S) chiral dopanls and a schematic diagram of the construction of a bilayer cholesteric liquid crystal with switch-
able chirality are shown™ (¢) A schematic diagram of the dynamic modulation of organic circularly polarized room-tem-
perature phosphorescence is shown, as well as the molecular structures of compounds 51, P1, PVA, IRG651, RM257,
and R811"7"
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