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Abstract
Cholesteric liquid crystal polymer network (CLCN) patterns composed of oppositely handed helical structures are attractive for 
anti-counterfeiting. Different areas can be observed under the circularly polarized light with opposite handedness. However, achieving 
precise control over the reflection band wavelengths of CLCN patterns using photochromic cholesteric liquid crystals (CLCs) remains a 
significant challenge. Herein, we synthesized a chiral cyanostilbene derivative that demonstrated significant modulation of its helical twisting 
power upon 365 nm ultraviolet (UV) irradiation. When incorporated into CLC mixtures, this additive enabled precise control over both the 
handedness and reflection wavelength of the resulting CLCN patterns within seconds under UV exposure. The system allowed for the 
preparation of colorful CLCN patterns through in-situ photopolymerization. These findings demonstrate that the developed CLC mixtures 
are well-suited for high-throughput fabrication of CLCN patterns on industrial coating lines.
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1. Introduction
Color is a crucial element in nature[1,2]. The diverse colors allow plants to selectively absorb light of different wavelengths, while 
animals can utilize them for camouflage and self-protection[3-5]. Among these, pigment color determined by chemical pigments and 
structural color determined by the microscopic structure of the substance's surface or interior are the two primary causes of color[6]. 
Typically, structural colors exhibit higher saturation and brightness, and are more responsive to environmental stimuli, making them 
commonly used in functional materials[7]. Photonic crystals are materials exhibiting structural colors[8,9]. Among them, the cholesteric 
liquid crystals (CLC) derive their structural color from its periodically helical structure. The reflection band wavelength (λ) of the CLC 

system follows Bragg’s law, as described by the equation:  (P, the helical pitch; , the average refractive index)[10,11]. The 
handedness of the reflection band is determined by that of the supramolecular helical structure.

CLCs have demonstrated extensive applications in various fields, including reflective display technologies, high-density optical data 
storage, tunable optical filters, and advanced information encryption systems[12-21]. By introducing functional groups or chemicals 
with different characteristics into the CLCs, photochromic, thermochromic, mechanically, or humidity responsive CLCs have been 
prepared, which have been applied as smart sensors[22-28]. For decoration and anti-counterfeiting, optical masking, screen printing, 
inkjet printing, 3D printing, gravure and flexographic printing techniques have been applied for the preparation of patterned CLC 
polymer network (CLCN) films through in-situ photopolymerization of CLCs[29-32]. The optical mask can cause CLCs to undergo varying 
degrees of photochromism in different areas, or enable thermochromic liquid crystals to polymerize in an area-selective under 
temperature control. However, since it is difficult to control the polymerization temperature on coating lines, it is hard to prepare 
patterned CLCN films on a large-scale using thermochromic CLCs. For controlling the structural colors of photochromic LCs, the 
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intensity and irradiation time of the light for photochromism should be precisely controlled.

The photochromic liquid crystals are generally prepared by adding photoisomerizable chiral additives to nematic liquid crystals[33-38]. 
The helical twisting power (HTP) values of the chiral additives can be quantitatively controlled by the light dose. At present, common 
photoreactive chiral dopants are mainly prepared by introducing photoreactive functional groups. These chiral additives are 
generally derived from azobenzene[39-42], cinnamate[43,44] and cyanostilbene[45]. Azobenzenes can undergo reversible changes in their 
cis- and trans-isomers under the light with different wavelengths[39-42]. Due to the high activation energy barrier between the Z-type 
and E-type of cinnamates, it is difficult for them to undergo reversible molecular configurational changes[43,44]. The cyanostilbene 
compounds not only exhibit reversible Z-type and E-type changes, but also have attracted much attention from researchers due to 
their fluorescence emission properties[45-49].

Herein, a cyanostilbene-based chiral additive, α-CS6-iso, was synthesized. The CLCs prepared using it can reach the photostationary 
state (PSS) within several seconds. By controlling the concentration of α-CS6-iso, patterned CLCN films with precisely controlled 
reflection bands can be obtained. Due to the significantly large change in the HTP value of α-CS6-iso upon 365 nm ultraviolet (UV) 
light irradiation, handedness invertible CLC mixtures were prepared. The CLCN patterns, composed of both left- and right-handed 
helical structures, were successfully fabricated. Complementary images were observed when viewed through left- and right-handed 
circular polarizers. These patterns are particularly well-suited for decorative and anti-counterfeiting applications.

2. Experimental Section
2.1 Materials and instruments
CA-Acrylate and rubbing-oriented PET film were provided by Wuxi Shengcai Optical Sci. & Tech. Co., Ltd. (China). Cyclopentanone was 
purchased from Chinasun Specialty Products Co., Ltd., and ethyl acetate was obtained from Shanghai Lingfeng Chemical Reagent Co., 
Ltd. E7 was sourced from Yantai Xianhua Technology Group Co., Ltd., while C6M and S5011 were acquired from Nanjing Sanjiang New 
Materials Development Co., Ltd. Methyl p-cyanomethylbenzoate and isosorbide were purchased from Shanghai Macklin Biochemical 
Technology Co., Ltd. Additional reagents, including 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), 
4-dimethylaminopyridine (DMAP), Irgacure 907, 2-(4-hydroxyphenyl)acetonitrile, potassium hydroxide, potassium carbonate, 
1-bromohexane, and cyclohexanone, were obtained from Shanghai Aladdin Biochem. Techn. Co., Ltd. Solvents such as methanol, 
acetonitrile, ethanol, hydrochloric acid, acetone, ethyl acetate, CDCl₃, and tetrahydrofuran (THF) were procured from Shanghai 
Lingfeng Chemical Reagent Co., Ltd. Photomasks were fabricated by printing patterns onto PET substrates using a laser printer (HP 
LaserJet P1007, China).

The FT-IR spectra were performed on a Nicolet 6700 spectrometer at 2.0 cm-1 resolution by averaging over 32 scans. UV-vis spectra 
were taken using the UV-vis spectrophotometer (UV-1900i, Japan). Error limits were estimated as follows: wavelength, ± 1 nm; 
transmittance, ± 0.1 %. The POM images of the target compounds were taken using a CPV-900C polarization microscope fitted with a 
Linkam LTS420 hot stage. The FE-SEM images were obtained using a Hitachi S-4800 operating (Ibaraki prefecture, Japan) at 5.0 kV. The 
MINHIO 4012-20 UV curing machine composed of a high-pressure Hg lamp (280-450 nm, 1.0 kW) and a conveyer belt was produced by 
MINHIO Intelligent Equipment Co., Ltd (Shenzhen, China). The UV LED series equipment (UVSF81T, 400 mW cm-2, output power) was 
produced by FUTANSI Electronic Technology Co., Ltd (Shanghai, China). The ZF-7A portable UV lamp was produced by Guanghao 
Analytical Instrument Co., Ltd (Shanghai, China).

2.2 Synthesis of α -CS6-iso
A mixture of p-hydroxybenzaldehyde (12.12 g, 100 mmol), 1-bromohexane (24.76 g, 150 mmol), K₂CO₃ (24.88 g, 180 mmol), and 500 mL 
of acetone was stirred at 50 °C for 24 h. After filtration, the solvent was removed in vacuum, and the residue was purified by column 
chromatography (petroleum ether as eluent) to afford the intermediate. This intermediate (12.38 g, 60 mmol) was dissolved in 300 mL 
of THF, and a solution of methyl p-cyanomethylbenzoate (8.76 g, 50 mmol) in 100 mL of EtOH containing KOH (7.0 g, 120 mmol) was 
added at 50 °C. After 24 h, the reaction mixture was acidified to pH 1.0 with 11.9 M HCl aq. solution. The precipitated solid was filtered, 
and the solvent was removed in vacuum. The crude product was purified by recrystallization from methanol to yield the desired 
product. The obtained powder (7.69 g, 22 mmol), isosorbide (1.46 g, 10 mmol), EDCI (5.37 g, 28 mmol), and DMAP (0.24 g, 2.0 mmol) 
were dissolved in 200 mL of THF at 30 °C under nitrogen. After 24 h, the solvent was removed under reduced pressure, and the crude 
product was purified by recrystallization from an acetone/methanol mixture, yielding a light-yellow solid (3.37 g, 41.6% yield). m.p.: 
176.3 °C. [α]D

20 = -208.2° (c = 0.5, CHCl3). FT-IR vmax: 2925, 2862, 2365, 2337, 2218, 1718, 1584, 1512, 1472, 1415, 1350, 1312, 1263, 1182, 
1112, 1096, 1063, 1019, 966, 853, 831, 772 and 693 cm-1. 1H NMR (400 MHz, Chloroform-d): δ = 8.07 (d, J = 8.5 Hz, 2H), 8.00 (d, J = 8.5 Hz, 
2H), 7.85 (dd, J = 8.9, 2.0 Hz, 4H), 7.71-7.63 (m, 4H), 7.50 (d, J = 3.6 Hz, 2H), 6.91 (d, J = 7.6 Hz, 4H), 5.47-5.36 (m, 2H), 5.03 (t, J = 5.1 Hz, 1H), 
4.65 (d, J = 4.7 Hz, 1H), 4.08-3.94 (m, 8H), 1.78-1.70 (m, 4H), 1.45-1.37 (m, 4H), 1.32-1.25 (m, 8H), 0.88-0.82 (m, 6H) ppm. MS m/z (rel. int.): 
831.512 ([M+Na]+, 100). Elemental analysis: calculated (for C50H52N2O8): C 74.24%, H 6.48%, found: C 74.09%, H 6.63%.

2.3 Preparation of the structurally colored CLCN films by changing the α -CS6-iso concentration

A typical preparation procedure was shown as follows. The LC242/α-CS6-iso/Irgacure 907 (w/w/w, 92.5/4.5/3.0) mixture was 
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dissolved in a cyclohexanone/ethyl acetate (v/v, 4:1) solvent mixture to achieve a 20 wt% solid content. The resulting solution was 
coated onto a rubbing-oriented PET film using a 20 μm Mayer bar to control the film thickness. The coated film was then dried at 
120 °C for 2.0 min to remove the solvents, followed by annealing at 70 °C for 2.0 min. The CLCN film was finally prepared by irradiating 
the mixture with a high-pressure Hg lamp (1.0 kW) at 25 °C for 10 s. Films with varying α-CS6-iso concentrations were prepared by 
adjusting the initial composition.

2.4 Preparation of the structurally colored CLCN films by changing the photoisomerization time

A typical preparation procedure was shown as follows. The C6M/α-CS6-iso/CA-Acrylate/Irgacure 907 (91.0/2.4/3.6/3.2, w/w/w/w) 
mixture was coated on the surface of a PET film as above. It was then irradiated under the 365 nm LED lamp (24 mW cm-2) at 70 °C for 
3.0 s. Finally, the CLCN film was prepared through the photopolymerization as described above. The other CLCN films were prepared 
by changing the 365 nm UV light irradiation time or the CA-Acrylate/α-CS6-iso weight ratio.

2.5 Preparation of the patterned CLCN film using inkjet printing

Three C6M/α-CS6-iso/CA-Acrylate/Irgacure 907 mixtures were prepared using the Mc1~Mc3 mixtures in Table S1, respectively, 
which were dissolved in the mixture of cyclohexanone and ethyl acetate (v/v, 4/1) with a solid content of 20 wt%. Then, the solutions 
were printed on the PET substrate using the inkjet printer. The solvents were removed at 70.0 °C for 1.0 min. After irradiation under 
the LED lamp (24 mW cm-2) at 70 °C for 5.0 s, the CLCN film was prepared under the irradiation of the high-pressure Hg lamp at 25 °C 
for 10 s.

2.6 Preparation of the CLCN film with two rainbow pattern

The C6M/α-CS6-iso/S5011/Irgacure 907 (w/w/w/w, 82.4/11.0/3.4/3.2) was coated on the surface of a PET film as above. Then, the CLC 
mixture was irradiated using the portable UV lamp with a tilt angle for 30 s at 70 °C. Finally, the CLCN film was prepared under the 
irradiation of the high-pressure Hg lamp at 25 °C for 10 s.

2.7 Preparation of the patterned CLCN films through handedness inversion

A typical preparation procedure was shown as follows. A mixture of C6M/α-CS6-iso/S5011/Irgacure 907 (w/w/w/w, 
82.4/11.0/3.4/3.2) was coated onto a PET film as described previously. The coated film was then exposed to an LED lamp (24 mW cm-2) 
at 70 °C for 10 s through a photomask. After removing the photomask, the patterned film was further irradiated under the 
high-pressure Hg lamp at 25 °C for 10.0 s. Two additional CLCN patterns were fabricated using mixtures with weight ratios of 
85.3/8.8/2.7/3.2 and 87.0/7.5/2.3/3.2, respectively, while varying the photomask design.

3. Results and Discussion
The chemical structures of the compounds used for preparing CLCN films are shown in Figure 1a. C6M shows a phase transition 
sequence of Cr 85.0 °C N 120.0 °C I[50]. It has been widely employed in fabricating CLCN and polymer-stabilized cholesteric liquid 
crystal films via photopolymerization[51]. Irgacure 907 is a photoinitiator containing a tertiary amino group[52]. S5011 and CA-Acrylate 
can induce the formation of left- and right-handed cholesteric structures, respectively[53]. α-CS6-iso is a chiral dopant synthesized 
from isosorbide and cyanostilbene, which imparts chirality and photoisomerization properties to the molecule (Scheme S1). The 
melting point and [α]D

20 are 176.3 °C. and -208.2° (c = 0.5, CHCl3), respectively. α-CS6-iso undergoes photoisomerization under 365 nm 
UV light (24 mW cm-2) irradiation (Figure 1b). For an α-CS6-iso solution (2.3 × 10-5 M in CH2Cl2), an absorption band at 354 nm (25 °C) 
was attributed to the π–π* transition of the Z-form cyanostilbene group[54]. Upon 365 nm UV irradiation (24 mW cm-2), the intensity of 
this band decreased gradually, while the absorption at 249 nm increased, reaching a PSS in ~3.0 s. An isosbestic point was observed at 
321 nm. The solid-state fluorescence spectra of α-CS6-iso and its photoisomer mixture (prepared by evaporating CH2Cl2 
post-irradiation) showed emission bands at 530 nm and 508 nm, respectively (Figure S1). The HTP of α-CS6-iso was studied using the 
Cano’s Wedge method. In an α-CS6-iso/E7 mixture (w/w, 1.0/99.0), the HTP value decreased from 42.8 to 12.2 μm-1 after 60 s of 
irradiation with a low-pressure mercury lamp (80 W) at 25 °C (Figure 1c1,c2,c3,c4). The photoswitching of α-CS6-iso was studied using 
a portable UV lamp (254 nm) and an LED UV lamp (365 nm, 40 mW cm-2) at the concentration of 3.0 × 10-5 M in CH2Cl2 (Figure S2). The 
solution was cyclically irradiated with 365 nm UV light for 5.0 s and 254 nm UV light for 5.0 min. It was found that the 
cis-configuration could be partially recovered by the 254 nm UV light.

A series of CLC mixtures, Ma1~Ma6, were prepared by varying the concentration of α-CS6-iso (Table S1). The formation of the 
cholesteric structure was confirmed by polarized optical microscopy (POM), which revealed a distinct oily streak texture at 70.0 °C 
(Figure S3). Subsequently, CLCN films with tunable structural colors were fabricated by irradiating the mixtures with a high-pressure 
mercury lamp (1.0 kW) for 10.0 s at 25.0 °C. As the α-CS6-iso concentration decreased from 5.2 to 3.2 wt%, the reflection band of the 
CLCN films exhibited a significant redshift from 421 nm to 711 nm (Figure 1d). The structural color changed from purple to red, and 
then to colorless (Figure S4). The field-emission scanning electron microscopy image of the CLCN film prepared with 3.2 wt% of 
α-CS6-iso is presented in Figure S5. The film had a thickness of approximately 3.1 μm and a helical pitch of 476 nm. Based on these 
parameters, the average refractive index of the CLCN film was calculated to be about 1.49.
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Figure 1. (a) Chemical structures of the compounds; (b) UV–vis spectra of α -CS6-iso in CH2Cl2 (2.3 × 10-5 M) taken at 25.0 °C and under the UV light irradiation, POM images 

of the α -CS6-iso/E7 (w/w, 1.0/99.0) mixture in (c1) its initial state and after UV irradiation for (c2) 10 s; (c3) 30 s and (c4) 60 s in a wedge-shaped cell (scale bar, 50 μm), UV–vis 

spectra of (d) the CLCN films prepared using the Ma1~Ma6 mixtures, (e) the Mb1 mixture taken at different UV light irradiation times, and (f) the CLCN films prepared using 

the Mb1~Mb4 mixtures. UV: ultraviolet; POM: polarized optical microscopy; CLCN: cholesteric liquid crystal polymer network.

To precisely control the reflection band of the CLC mixture both before and after photochromism within the visible light range, a 
non-photoisomerizable chiral additive, CA-Acrylate, was incorporated into the CLC mixture, with the total concentration of 
CA-Acrylate and α-CS6-iso maintained at 6.0 wt%. The Mb1 mixture exhibited a reflection band at 430 nm (Figure 1e and Table S1). 
Upon exposure to 365 nm UV light (24 mW cm-2), the PSS was achieved within 3.0 s, accompanied by a redshift of the reflection band 
to 695 nm (Figure 1e). This photochromic process was significantly faster than previously reported; tens of minutes or at least 25 s are 
needed for reaching the PSS[55]. The fast response of the photochromism presented here is proposed to be driven by the low barrier of 
the cis-trans conformational transition[55]. Furthermore, the reflection band wavelength of the CLC mixture could be precisely tuned 
after photochromism, making it highly suitable for fabricating CLCN patterns on coating lines.

To separately control the photochromism and photopolymerization steps, a series of CLCN films were prepared using the Mb1~Mb4 
mixtures through a two-step approach (Table S1). The POM images of these mixtures indicated a cholesteric structure (Figure S6). In 
the first step, photochromism was performed under 365 nm UV light (24 mW cm-2) for 3.0 s at 70.0 °C. The second step involved 
photopolymerization under a high-pressure Hg lamp for 10 s at 25 °C. By decreasing the α-CS6-iso/CA-Acrylate weight ratio from 4/6 
to 1/9, the reflection band wavelength was tuned from 668 nm to 470 nm (Figure 1f). Concurrently, the absorption band intensity at 
365 nm gradually diminished with a reduction in the α-CS6-iso concentration. For comparison, a one-step approach was also 
employed. Direct photopolymerization of the Mb1 mixture under the high-pressure Hg lamp for 10 s resulted in a CLCN film with a 
reflection band at 412 nm (Figure S7). This blueshift compared to the CLC mixture was attributed to the volume shrinkage induced by 
polymerization. After polymerization, the intensity of the absorption band at 359 nm decreased, indicating the photoisomerization of 
α-CS6-iso. Hence, upon irradiation with the high-pressure Hg lamp, photopolymerization and photoisomerization were carried out 
simultaneously. However, due to the high viscosity of the CLC mixture at a lower temperature, the isomerized α-CS6-iso did not have 
enough time to change the helical pitch[38].

To better understand the two-step approach, FT-IR spectra were recorded during the preparation process of a CLCN film. For the CLC 
mixture shown above, three characteristic absorption bands were observed at 1636, 1411, and 810 cm-1, respectively, which are the 
characteristic bands of the C=C bond of the acrylate group (Figure 2)[32]. Upon exposure to 365 nm UV light, the intensities of these 
bands remained unchanged, confirming that the photochromic process did not affect the acrylate groups. However, after irradiation 
with the high-pressure Hg lamp, the intensities of these bands decreased significantly, indicating the successful polymerization of the 
acrylate groups.

Furthermore, three CLC mixtures were prepared with α-CS6-iso/CA-Acrylate weight ratios of 3/7, 4/6, and 5/5 (Mc1~Mc3 in Table S1), 
respectively, while maintaining a total chiral dopant concentration of 7.0 wt%. Due to the high concentration, the helical pitches of 
these mixtures should be very short, and the reflection bands should be located within the UV region. Thus, all these CLC mixtures 
appeared colorless (Figure 3a). However, after undergoing the photoisomerization of α-CS6-iso, the helical pitches of the CLC 
mixtures increased. Then, the structural colors were able to be observed by the naked eye. The Mc1, Mc2 and Mc3 mixtures showed 
blue, green and red structural colors, respectively. After photopolymerization, the structural colors of the CLC mixtures were fixed, 
and the obtained CLCN films also exhibited blue, green, and red structural colors, respectively (Figure 3b). A colorless CLC pattern was 
first prepared using these mixtures as inks on a PET film substrate through inkjet printing. Subsequently, a full-color CLCN pattern 
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was successfully fabricated through the two-step preparation approach. This demonstrates that the photochromic CLC mixtures 
developed in this study are highly suitable for applications in information storage and encryption.

Figure 2. FT-IR spectra taken during the CLCN film preparation process. FT-IR: ; CLCN: cholesteric liquid crystal polymer network.

Figure 3. (a) UV–vis spectra of the CLC mixtures and CLCN films prepared using the Mc1~Mc3 mixtures and (b) photograph of the CLCN pattern produced by inkjet printing 

(scale bar, 1.0 cm). CLC: cholesteric liquid crystal; CLCN: cholesteric liquid crystal polymer network; UV: ultraviolet.

It has been reported that the non-photoisomerizable chiral additive S5011 can induce the formation of a left-handed helical 
supramolecular structure[53]. For the Md1 mixture (Table S1), a clear oily streak texture was observed in the POM image at 70 °C, 
confirming a planar cholesteric structure (Figure S8a). Upon irradiation of the CLC mixture with a low-pressure mercury lamp (80 W) 
for 20, 25, 30, and 60 s (Figure S8b,c,d,e), the textures evolved sequentially from finger-print to pseudo-isotropic, back to finger-print, 
and finally to oily streak. This texture evolution is attributed to the gradual decrease in the HTP of α-CS6-iso under UV irradiation, 
which caused a handedness inversion of the CLC mixture from right- to left-handedness. Based on this handedness inversion 
phenomenon, a CLCN film featuring dual rainbow patterns was successfully prepared using the Me1 mixture (Figure 4 and Table S1). 
During the photochromism step, the portable 365 nm UV lamp was tilted relative to the CLC film at an angle of 30°, and the distance 
between the lamp and the CLC film was about 3.0 cm, resulting in non-uniform irradiation doses across different areas of the film 
(Scheme 1a). This controlled irradiation approach enabled the creation of complex CLCN patterns. The demonstrated capability of this 
CLC mixture to produce intricate, color-tunable patterns makes it particularly attractive for applications in decorative and 
anti-counterfeiting technologies.
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Figure 4. Photograph of the CLCN film with two rainbow patterns (scale bar, 1.0 cm). CLCN: cholesteric liquid crystal polymer network.

Scheme 1. Schematic representation of the preparation processes of the CLCN films with (a) two rainbow patterns and (b) a flower pattern. CLCN: cholesteric liquid crystal 

polymer network.

To prepare CLCN patterns composed of both left- and right-handed helical structures, the Me1, Me2 and Me3 mixtures were prepared 
by changing the concentrations of the chiral additives (Figure 5a1,b1,c1, and Table S1). These mixtures exhibited orange, green, and 
blue structural colors, respectively. During the photoisomerization step, the CLC mixtures were irradiated through different 
photomasks at 70.0 °C (Scheme 1b). Notably, for the mixture with a blue structural color, the uncovered area underwent a distinct 
color transition from blue to red, then to colorless, and back to red, finally returning to blue within 10 s of irradiation. After removing 
the photomask and performing photopolymerization, the structural colors were permanently fixed (Figure 5a1). Complementary 
images were observed when viewed through left-handed (Figure 5a2,b2,c2) and right-handed (Figure 5a3,b3,c3) circular polarizers, 
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confirming that the background and pattern regions reflected right- and left-handed circularly polarized light, respectively. The 
UV–vis spectra of the backgrounds and patterns (Figure 5d) showed nearly identical reflection band wavelengths, while the circular 
dichroism (CD) spectra (Figure 5e) revealed opposite handedness between the two regions. This demonstrates the successful 
fabrication of CLCN patterns with dual-handed helical structures, achieved by precisely controlling the photoisomerization process. 
Weak multi-bands were also observed in the UV–vis and CD spectra, which were proposed to originate from the higher order Bragg 
reflections[56].

Figure 5. Photographs of the CLCN patterns taken under (a1, b1, c1) the natural light, through the (a2, b2, c2) left- and (a3, b3, c3) right-handed circular polarizers (scale bar, 

1.0 cm); (d) UV–vis and (e) CD spectra of different areas of the CLCN patterns. CLCN: cholesteric liquid crystal polymer network; UV: ultraviolet; CD: circular dichroism.

3. Conclusions
A photochromic CLC mixture was prepared using a photoisomerizable chiral additive containing the α-cyanostilbene group. 
Remarkably, the photochromic response exhibited an ultra-fast rate under 365 nm UV light (24 mW cm-2) at 70.0 °C, with the reflection 
band stabilizing within seconds. This rapid response makes the CLC mixture highly suitable for fabricating colorful CLCN patterns on 
coating lines. Furthermore, patterned CLCN films featuring both left- and right-handed helical supramolecular structures were 
successfully prepared using handedness-invertible CLC mixtures. The demonstrated properties of these CLC mixtures, including 
ultra-fast photochromism, precise wavelength control, and handedness inversion, make them particularly promising for information 
encryption applications. Additionally, the patterned CLCN films show great potential for decorative and anti-counterfeiting purposes, 
as they can produce complex and color-tunable patterns.
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The supplementary material for this article is available at: Supplementary materials.
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