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Research Progress of Circularly Polarized Room—temperature Phos—
phorescent Materials based on Chiral Supramolecular Assembly
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(Institute of Advanced Materials/School of Materials Science and Engineering, Nanjing University of Posts and Telecommu-
nications, Nanjing 210000)

Abstract Circularly polarized room-temperature phosphorescence (CP-RTP) materials have garnered significant attention
due to their exceptional optical sensitivity and spatial resolution, making them highly promising for a wide array of applica-
tions, such as three-dimensional displays, anti-counterfeiting, and information storage. Generally, the polarization magnitude
is quantified by the luminescence dissymmetry factor (gum), which has a value between —2 and 2. However, while chiral
organic RTP materials often demonstrate higher luminous efficiency, they typically display remarkably low gum values, gen-
erally in the order of 10 to 103, owing to their inherently weak magnetic transition dipole moment. This limitation signifi-
cantly hinders the practical application of high-performance CP-RTP materials. Therefore, enhancing the gum values of
CP-RTP materials remains a substantial challenge. With the rapid advancement of chiral supramolecular assembly, research-
ers have discovered that this system can construct long-range ordered helical nanostructures by precisely regulating intermo-
lecular interactions, such as n-m stacking and hydrogen bonding. This approach facilitates the attainment of a high gum value
while maintaining favorable luminous efficiency. Meanwhile, the processes of chiral self-assembly or co-assembly frequently
involve chiral transfer, chiral induction, and intermolecular Forster resonance energy transfer. These processes are advanta-
geous for inducing achiral dyes to achieve CP-RTP. This dramatically simplifies the synthesis of CP-RTP materials, circum-
venting the often-complex and costly preparation of intrinsically chiral RTP chromophores. Consequently, chiral supramolec-
ular assembly systems have emerged as a highly effective strategy for the development of CP-RTP materials exhibiting sub-
stantially improved gum values. This review comprehensively examines the influence of helical structures on the photophysi-
cal properties of chiral supramolecular assembly systems, summarizing recent progress in the design, synthesis, and applica-
tion of chiral supramolecular RTP materials, with a particular focus on their exploitation in advanced information encryption
and anti-counterfeiting technologies. We delve into the underlying mechanisms driving enhanced circular polarization and
discuss future directions for this rapidly evolving field.

Keywords chiral supramolecular assembly; circularly polarized luminescence; room temperature phosphorescence; circular
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Reproduced with permission. Copyright 2021, Royal Society of Chemistry.
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Figure 9 (a) Tridentate ligand like a fan, where the arm side occurs the
rotation in one direction driven by coordination interaction and simplified
network with two kinds of helix chains®”, Reproduced with permission.
Copyright 2020, Wiley-VCH; (b) the molecular structures of D/L-cam,
1,1,2,2-tetra(pyridin-4-yl)ethene and guest emitters; (c) guest emitters
were encapsulated into chiral pores to form the sandwich structure and
proposed transfer model between guest and host!), Reproduced with
permission. Copyright 2023, Wiley-VCH

Acta Chim. Sinica 2025, 83, 639—654

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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ST CATHDN T 7 R, kA A, B
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AR FENFF R CPL ML F 23R AL T 1 B I S .

3 ETRSMTHES FERREAE

T, — B EFE IR AR &S (CLCs) M TR &
FAVR e, A A I ) R R 2 A, R HH e
T ORI BB RN SV 2R R 1O
RELO+00 X Pl B 13 (18 73 - IR i 45 A B T CPL VR
R AL, HAmAIR 77 R) 3G 5 ) 41, AT BB
K CPLAE 5. UbAh, X HH 1t 0 i 5 A ad it — 4+
fin PR PR G 717 B (PBG) R B H ae # M SO e 1, Bk
TR b S ST 5 LR e T e A (3] PR (5 f 41 D', (RIS 325 559 AH
SOE |] 46 [ R . CP-RTP Al CPL HAT AR F- 1%
MR FBOKURE. Rk, Wit FIE BT TR B 6 a2 il
#15 gum {H CP-RTP MRMKA R 1%, PR AL H
B 2 EAS BN AR P 55 U ) S RS
3.1 BRmARENERRERELR

hfh & K 4t (clustering-triggered emission, CTE)]
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Figure 10 (a) Strategy to obtaining circularly polarized phosphorescence from superhelical co-assemblies consisting of PtN and PtBox[®?, Reproduced
with permission. Copyright 2019, Royal Society of Chemistry; (b) Combined bottom-up and top-down approach toward improving the CPL performance
of phosphorescent Pt(IT) complexes!®!, Reproduced with permission. Copyright 2022, Wiley-VCH.
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K CPL HIVERE. Bl o, 207 2% 1 55 JE [ Wi
J6HE TT A B 56 S V)T PM6Chol, FHRNIRF T
FSCHEE T 3 06 A 45 FA RN 6 P B TR RS L I AR R I,
PM6Chol Jig i i A MR e 45 M [ SUZ FHEL & C s
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BRI A U R B F R IR R Y. SR A
BT SR HEEE R BIXUZE TR & C WA, FERI ke
PE SR SE B R CP-RTP, e guum 1 EIE — 1.6 X
1072, J5 T IE 3] B9 0 2 R R B4 P 250 SR 4 40
T W S AR () RTP(FFAr 4> 5N 23.9 ms il
476.8 ms). (A, AR R AL, BEhflE T
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BEAME LUR BT YRR e RS, XA IR %] T CP-RTP 15
SHIHET. 2024 4, Zhang P4 7O i XOH ] B
FARFN R R IR B BRI IR, MR T — RINEA
HELJiE 25 R 1 H A 2 T M AR AR TR S R & DFM(x)-
Chol(y) (F 11). XELZEW)IFR I H B 21 RTP KA,
HLB A = 2K R 7 i 138, B R G i K i AT
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5 PR E RS BN, g (B EIUETH R 5 AR,
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um [HN—7.1X1073, B GAEATATIE 252 ms. AHFHN
il 4 CP-RTP fIH 7 BU S AR i T —Fi ] 5 BT 47
771k

S PR RERNE SCI R UF ¥ CP-RTP K4S, 1HE
BT i C AR AUEREAIRAHE T BN %, S8
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T L SR R ESR. CLCs B A 5 2 W0 A 42 g 45 # A
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Figure 11 The “sergeant-soldier” effect in the chiral helical columnar phase of MJLCPs and the activation of circularly polarized fluorescence and

phosphorescence!”!
Reproduced with permission. Copyright 2024, American Chemical Society.
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Figure 12 A simple strategy to prepare CLC copolymers with large g, values and tunable CP-RTP!®!

Reproduced with permission. Copyright 2024, American Chemical Society.
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5] PR G BB (RN, I RS IS5 K] CP-RTP
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JeAE AR B TN . AR AR R X R R e 20
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Figure 13 (a) The chemical structures of monomers, co-polymers and chiral inducer; (b) schematic diagram of co-assembly; (c) The application of effec-

tive encryption and transmission of information!*’!
Reproduced with permission. Copyright 2024, Elsevier.
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g T EIE 1.49. 2 wrwos7 > 10%I, CLC R AR 4% 2>
BN CHS HI5e% 4, 18 RTP HEWR KM%
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25 CHN#AZR| 45 CHF, RMFMHEIZHAL G55, HE
70 CHF Ui K, Hix P B sz m & nl i iy, sel 7
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TINIPESE R, TR ) R M RO A, T 5 B o
FRf. BT o, FRATME To62 28 H B AR v] 15U
RTP HHE(S BN R4, YIPIRE T CP-RTP MEHESS
B2 A AU N 71 (F 15D).

T SEEL CP-RTP AR 2 Dhfetl, FRATIRGIZE
M 768 &AW CP-RTP X &5 Fy 20 5% i i
P1-SHS-M1, & AR5+ ik i HR i 45 14 (SHS)
JEH RTP RKEWEA L. 5T ik M1 2 A H [ R
HARES, DARS 85 m) F1 A A AR 2 (B 15¢). UV 1]
S, ik M1 RASERMAL, £E M F1 P R e
X AR 2 (B EAT 4, 5 S5O e 45 44 P L it ) T B
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LAt L 18!
Figure 14 (a) The chemical structures of XT-3-Br, BBXT-3-Br, BOHXT-3-Br, RM257 and Irg651; (b) the intelligent information storage device based
on BOHXT-3-Br@PRM257 film, including writing, removing and erasing of information!®!

Reproduced with permission. Copyright 2024, Wiley-VCH.

Acta Chim. Sinica 2025, 83, 639—654

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

http://sioc-journal.cn 649



: ,O\/\/OY\
RM257

(b)

UV on No filter

(d)
S
LCF’F R-CPF

B 15 (a) RTP polymer, RM257, R811 I IRG 651 [t £54 5007 (b)7E “UV JFE. UV KRG LmIEA . UV XHAJEZEREFE M, UV K& 4
TR P SR BT B R I 7 ()i 2 A R ML R4 22 451 20%); (d) 405 nm 284G I T P1-SHS-M1 S SEI AN FRHESE A . Wi
S

Figure 15 (a) The molecular structures of RTP polymer, RM257, R811 and IRG 651%7); (b) photographs of number patterns under the conditions of UV
on, UV off without filter, UV off with L-CPF, and UV off with R-CPF*”}, Reproduced with permission. Copyright 2023, Wiley-VCH; (c) chemical struc-

tures of the photo-responsive material M1%¥); (d) dynamic and reversible light control of P1-SHS-MI1 film upon the irradiation of 405 nm UV by passing
through different masks!®!, Reproduced with permission. Copyright 2024, Wiley-VCH.
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Figure 16 (a) Schematic diagram of tunable CP-RTP based on CLCEs; (b) synthesis route of CLCE; (c) 4D information encryption combining CP-RTP
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Reproduced with permission. Copyright 2022, Elsevier.
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