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Figure 1 Fabrication and properties of CPLA films. (a) Schematic
illustration for constructing full-color CPLA composite films. (b—d)
Time-resolved CPLA spectra. (e—g) The CPLA dissymmetry factors of
the films for different decay times. (h) Photographs of time- and
intensity-dependent changes of light-emitting states with and without
polarizing filters. Pictures in the leftmost row were shown for the films
with and without UV irradiation. Other films were observed by naked
eyes after exposure to 365 nm UV light for 10 min (scale bars: 1 cm)
(color online).
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Figure 2 Fabrication of the QD-based CPL structure and MRSMs. (a) Schematic illustration of components that make up the CPL structure and
MRSMs, including the QD emitter (InP/ZnSeS/ZnS), liquid crystal (5CB), and chiral dopants (S811 or R811). (b) HRTEM image of InP/ZnSeS/ZnS
QDs. (¢, d) CPL spectra and g, value of materials with QD contents of 2.0 wt%, 4.0 wt%, 5.0 wt%, 6.0 wt%, and 8.0 wt%, respectively. S811 induces
a left-handed rotation in the hybrid system, while R811 induces a right-handed rotation. The maximum |g;,,,| value of 0.89 is obtained with the weight
ratios of QDs, chiral dopant, and liquid crystal at 5.0 wt%, 27.4 wt%, and 67.6 wt%, respectively. (¢) Schematic showing the designed CPL-active
structure formed by a helical-coassembly process. (f) Digital photo of MRSMs. (g) External stimuli that MRSMs respond to, including light activation,
polarization, temperature, voltage, pressure, and view angle (color online).
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Figure 3 Schematic illustration and CPL properties of the fabrication

of the spiral full-color emission generator. (a) A multiple-step injection b S SE B 01 W T 7 B TSI
method for the synthesis of core shell Cu-Ga-S/ZnS white quantum £r L JZE’ ARV FIERU S AR A6 M

dots. (b) Components of the spiral full-color emission generator. BlIAHLS S, MET —RAEMERE. 2N, Al AL
(c) Schematic drawing of the spiral full-color emission generator

formed by a long-range ordered cage-like assembly strategy. (d, e) CPL N THICPLABHA 2. J T80 8} > HA12t— DA
spectra and the corresponding g, values of the representative spiral HIhgeikhn T, ﬁ%%CPL 1EfE A H AT ) ™ A

full-color emission generator (color online).
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Figure 4 Customized-color CPL. (a) Schematic drawing of the
customized-color CPL systems by covering customized-color narrow
bandpass filters over the spiral full-color emission generator. (b, c)
Photoluminescence spectra and the corresponding mirror-imaged CPL
spectra of the visualized customized-color CPL system (color online).
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Figure 5 Synthesis of CPL-active photonic paints (CPL-PPs).
(a) Schematic summarizing the preparation of chiral core-shell micro-
spheres. (b) Schematic illustration of materials and the left- or right-
handed CPL emitted from as-prepared microspheres upon ultraviolet
irradiation. (c) CPL spectra of red-, green-, and blue-emissive CPL-PPs.
The solid (dashed) curves correspond to right (left)-handed materials.
(d) Calculated gy, values corresponding to (c). (€) gum evolution of
blue-emissive CPL-PPs under ambient atmosphere for 80 days. Error
bars correspond to the SD of three measurements (color online).
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Figure 6 Schematic illustration showing the CPL device fabrication.
(a) The structure diagram of the proof-of-concept customized-color
coated CPL devices. Photographs of the (b) white-emission and
(c) customized-color coated CPL devices. (d) Schematic of the
electroluminescent CPL device. (e¢) Energy band diagram of a
solution-processed, bottom-emitting multilayered white QLED. In-
dium-tin oxide (ITO), poly(3,4-ethylenedioxythiophene):poly(styrene-
sulfonate) (PEDOT:PSS), polyvinylcarbazole (PVK), white quantum
dots (CGS/ZnS). (f) Bright image of the electroluminescent CPL device.
Scale bar: 5 mm (color online).
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Figure 7 Information encryption and anticounterfeiting design. (a) Information encryption matrix composed by MRSMs. I: colorless array obtained
at room temperature (25 °C); II and V: colorful arrays using materials with different chiral dopants and different component weight ratios; III, IV, VI,
and VII: complementary images observed via left- and right-handed circularly polarized filters; VIII: bright-green color achieved by 365 nm light
excitation; IX: polychrome array, activated using UV irradiation and polarization. (b) Designed circuit of electronic interactive anti-counterfeiting
device. (c) Digital code represented by the cell’s structural color tuned to colorless with an applied voltage, showing the information programmability
of our design. The area of color units is 9 cm’ (color online).
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Figure 8 MRSM-based intelligent textile. (a) Schematic illustrating the MRSM-composed fiber fabricated. (b) Digital photo of fibers with different
colors. (c) Weaving the obtained fibers to form a fabric. (d) The fabric, as an intelligent label, demonstrates color-adaptable function with external
environmental changes. It shows transparency or green color via temperature tuning (top two panels in D), chiaroscuro using circularly polarized filters
(down, left panel) or bright green under light excitation (down, right panel) (color online).
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Figure 9 Printing CPL-PPs to form circularly polarized luminous
patterns. (a) Dispenser for direct pattern writing with a moving nozzle.
(b—d) “CPL” patterns on different substrates: from the rigid poly-
propylene plate to flexible cotton fabric and flexible PET fabric. Scale
bars: 1 cm. (e) Photograph of a 1.5-m-long luminous textile printed by
CPL-PPs. (f) Photographs of the luminous fabrics after exposure in the
acid solution, pure water, basic solution, and n-hexane solution for 7
days, respectively. Scale bar: 5 mm (color online).
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Figure 10 Flexible 3D display based on printed orthogonal CPL
matrix. (a) Schematic diagram of a flexible array panel, containing
pixelated CPL arrays obtained by printing CPL-PPs on the flexible
substrates. (b) Fabrication strategy of the flexible 3D display. Left- and
right-handed polarization images can be achieved from flexible array
panels with printed CPL-active orthogonal matrix. Through a polariza-
tion glass, the two images enter the left and right eyes, respectively, and
the brain can fuse the two images into 3D sensation. (¢) Photograph of
the bent flexible 3D display panel based on the orthogonal CPL matrix
while a pattern was displayed on it. Scale bar: 1 cm. (d) Photograph of a
wearable watch-like flexible 3D display wearing on the wrist. Scale bar:
1 cm. Inset photograph showing the display panel. Scale bar: 5 mm. (e)
Conceptual image of a wearable 3D display device, demonstrating the
stereoscopic navigation information that is displayed on the smart wear
(color online).

KL RGN N T AR A AECPLYUH I R 51 T
A2 R FH 38 Ao SERAORE AN T P 0t R S 2L 2B P, R 30
TRV PERERICPLAT RHA R, Jf itk — 2B A % b
B BORXT CPLAT R BEAT DU REALIN TAN G R B, 48
FRIHAEAE B A AU L.

B, XSGR A FERT BT B, R AN et
CPLYEREAESS B 2 YU B — 2 MU, (Hin
] S 33k — 25 MoK LR REAL I I T S A i e i —
ARE, HATRAE—ERE S T3DERACR, JF
B 3D R MR AR BRI ZR LR B, E2 A% )
fFRECEUOCIM R b, RIESKERECR, Frid
ey S R I O D' ) B A 3D RBCR AT AR e — T E K
7T



REFR: b 2024 5 54 E 8

e =P

[V B S VS I

10
11
12
13

15

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

Bailey J, Chrysostomou A, Hough JH, Gledhill TM, McCall A, Clark S, Menard F, Tamura M. Science, 1998, 281: 672-674

Zhang X, Xu Y, Valenzuela C, Zhang X, Wang L, Feng W, Li Q. Light Sci Appl, 2022, 11: 223

Brooks WH, C. Guida W, G. Daniel K. Curr Topics Med Chem, 2011, 11: 760-770

Han D, Li C, Jiang C, Jin X, Wang X, Chen R, Cheng J, Duan P. Aggregate, 2021, 3: ¢148

Du C, Li Z, Zhu X, Ouyang G, Liu M. Nat Nanotechnol, 2022, 17: 1294-1302

Song F, Xu Z, Zhang Q, Zhao Z, Zhang H, Zhao W, Qiu Z, Qi C, Zhang H, Sung HHY, Williams ID, Lam JWY, Zhao Z, Qin A, Ma D, Tang BZ.
Adv Funct Mater, 2018, 28: 1800051

MacKenzie LE, Pal R. Nat Rev Chem, 2020, 5: 109-124

Tempelaar R, Stradomska A, Knoester J, Spano FC. J Phys Chem B, 2011, 115: 10592—-10603

Zhan X, Xu FF, Zhou Z, Yan Y, Yao J, Zhao YS. Adv Mater, 2021, 33: 2104418

Yu N, Aieta F, Genevet P, Kats MA, Gaburro Z, Capasso F. Nano Lett, 2012, 12: 6328-6333

Sang Y, Han J, Zhao T, Duan P, Liu M. Adv Mater, 2019, 32: 1900110

Zhang Y, Yu S, Han B, Zhou Y, Zhang X, Gao X, Tang Z. Matter, 2022, 5: 837-875

Sanchez-Carnerero EM, Moreno F, Maroto BL, Agarrabeitia AR, Ortiz MJ, Vo BG, Muller G, Moya S. J Am Chem Soc, 2014, 136: 3346-3349
Otani T, Tsuyuki A, Iwachi T, Someya S, Tateno K, Kawai H, Saito T, Kanyiva KS, Shibata T. Angew Chem Int Ed, 2017, 56: 3906-3910
Jiang C, Pan P, Jin X, Duan P. Chin Sci Bull, 2023, 68: 4302-4317 (in Chinese) [ /K1, & Bk, 45, B K. Blamii, 2023, 68: 4302
4317]

Gao JX, Zhang WY, Wu ZG, Zheng YX, Fu DW. J Am Chem Soc, 2020, 142: 4756-4761

Zhang M, Wang Y, Zhou Y, Yuan H, Guo Q, Zhuang T. Nanoscale, 2022, 14: 592-601

Kato T, Uchida J, Ichikawa T, Soberats B. Polym J, 2017, 50: 149-166

Nayani K, Kim YK, Abbott NL. Nat Mater, 2017, 17: 14-15

Bisoyi HK, Li Q. Angew Chem Int Ed, 2016, 55: 2994-3010

San Jose BA, Matsushita S, Akagi K. J Am Chem Soc, 2012, 134: 19795-19807

Zhao B, Yu H, Pan K, Tan Z’, Deng J. ACS Nano, 2020, 14: 3208-3218

Liu S, Liu X, Wu Y, Zhang D, Wu Y, Tian H, Zheng Z, Zhu WH. Matter, 2022, 5: 2319-2333

Li H, Li H, Wang W, Tao Y, Wang S, Yang Q, Jiang Y, Zheng C, Huang W, Chen R. Angew Chem Int Ed, 2020, 59: 4756-4762

Li H, Gu J, Wang Z, Wang J, He F, Li P, Tao Y, Li H, Xie G, Huang W, Zheng C, Chen R. Nat Commun, 2022, 13: 429

An S, Gao L, Hao A, Xing P. ACS Nano, 2021, 15: 20192-20202

Hao W, Li Y, Liu M. Adv Opt Mater, 2021, 9: 2100452

Xu M, Wu X, Yang Y, Ma C, Li W, Yu H, Chen Z, Li J, Zhang K, Liu S. ACS Nano, 2020, 14: 11130-11139

Zhao S, Li G, Guo Q, Wang Y, Zhang M, Zhou Y, Jin S, Zhu M, Zhuang T. Adv Opt Mater, 2023, 11: 2202933

Guo Q, Zhang M, Tong Z, Zhao S, Zhou Y, Wang Y, Jin S, Zhang J, Yao HB, Zhu M, Zhuang T. J Am Chem Soc, 2023, 145: 4246-4253
Zhou Y, Wang Y, Song Y, Zhao S, Zhang M, Li G, Guo Q, Tong Z, Li Z, Jin S, Yao HB, Zhu M, Zhuang T. Nat Commun, 2024, 15: 251
Zhang M, Guo Q, Li Z, Zhou Y, Zhao S, Tong Z, Wang Y, Li G, Jin S, Zhu M, Zhuang T, Yu SH. Sci Adv, 2023, 9: eadi9944

Peeters E, Christiaans MPT, Janssen RAJ, Schoo HFM, Dekkers HPJM, Meijer EW. J Am Chem Soc, 1997, 119: 9909-9910

Frédéric L, Desmarchelier A, Favereau L, Pieters G. Adv Funct Mater, 2021, 31: 2010281

Zhong XS, Yuan L, Liao XJ, Hu JJ, Xing S, Song SQ, Xi JQ, Zheng YX. Adv Mater, 2024, 36: 2311857

Yang Y, da Costa RC, Smilgies DM, Campbell AJ, Fuchter MJ. Adv Mater, 2013, 25: 2624-2628

1151


https://doi.org/10.1126/science.281.5377.672
https://doi.org/10.1038/s41377-022-00913-6
https://doi.org/
https://doi.org/10.1002/agt2.148
https://doi.org/10.1038/s41565-022-01234-w
https://doi.org/10.1002/adfm.201800051
https://doi.org/10.1038/s41570-020-00235-4
https://doi.org/10.1021/jp2053019
https://doi.org/10.1002/adma.202104418
https://doi.org/10.1021/nl303445u
https://doi.org/10.1002/adma.201900110
https://doi.org/10.1016/j.matt.2022.01.001
https://doi.org/10.1021/ja412294s
https://doi.org/10.1002/anie.201700507
https://doi.org/10.1360/TB-2023-0554
https://doi.org/10.1021/jacs.9b13291
https://doi.org/10.1039/D1NR06036H
https://doi.org/10.1038/pj.2017.55
https://doi.org/10.1038/nmat5055
https://doi.org/10.1002/anie.201505520
https://doi.org/10.1021/ja3086565
https://doi.org/10.1021/acsnano.9b08618
https://doi.org/10.1016/j.matt.2022.05.012
https://doi.org/10.1002/anie.201915164
https://doi.org/10.1038/s41467-022-28070-9
https://doi.org/10.1021/acsnano.1c08182
https://doi.org/10.1002/adom.202100452
https://doi.org/10.1021/acsnano.0c02060
https://doi.org/10.1002/adom.202202933
https://doi.org/10.1021/jacs.2c13108
https://doi.org/10.1038/s41467-023-44643-8
https://doi.org/10.1126/sciadv.adi9944
https://doi.org/10.1021/ja971912c
https://doi.org/10.1002/adfm.202010281
https://doi.org/10.1002/adma.202311857
https://doi.org/10.1002/adma.201204961

A 5 2 I8 i A b e 0 I P R 2%

Advancing circularly polarized luminescence materials for practice
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Technology of China, Hefei 230026, China
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Abstract: Circularly polarized luminescence (CPL) materials—offering unique optical rotation—have the potential for
photoelectronic devices, information security, 3D displays, and more. Traditional CPL materials are limited to practice
owing to their low luminescence asymmetry factors, complex synthesis, and lack of processability. As a typical quasi-
one-dimensional photonic crystal, cholesteric liquid crystal possesses a periodic helical structure and chiral
amplification function, providing an effective route to enhance the luminescence asymmetry factor of CPL materials.
In this paper, we systematically introduce the synthesis and information interaction applications of high-performing
chiral liquid crystal-based CPL materials.
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