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Abstract: Seeking new methods to realize multiple fluorescence changes in a single 

luminogenic system is of great importance for both chemistry and bionics research. 

However, due to the lack of proper strategies and functional motifs, novel chameleon 

luminogens with multiple switching and controllable models is still scarce. Herein, we 

reported a chromone-based aggregation-induced emission luminogen called Z-CDPM, 

which exhibited quintuple yet controllable thermochromic or photochromic behavior 
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under different conditions. Specifically, five different reactions were involved: (i) 

reversible Z/E isomerization and irreversible cyclization and elimination under thermal 

treatment, and (ii) photorearrangment of Z-CDPM and its thermal cyclized product 

DPXDC under UV irradiation. All single crystals were successfully obtained and these 

reactivities and reaction pathways were confirmed experimentally and theoretically. 

Accordingly, multiple-colored images and a quick response code with free fixing and 

erasing capabilities were developed for advanced information encryption. This work 

thus provides new sights into the design of multiresponsive luminogens and 

multifunctional systems. 

Introduction 

The coloration in animals has long fascinated scientists, especially for the dynamic 

coloration under external stimuli, which fulfill the multiple biological functions of 

animals desired to make a living.1-4 For example, chameleons and cuttlefishes perform 

concealing coloration and blend with the environment timely, so as to avoid predators 

and prey5,6. Crested ibis chooses a shiny coloration for courtship during the mating 

season7. While the static adaptive coloration illustrates the smart coloration strategies 

of animals acquired for acclimatization, the advanced in-situ discoloration observed in 

few intelligent species further highlights the sensing and responding capabilities. Such 

excellent examples in nature thus make a serendipity coloration model system for the 

development of bionic intelligence technology.8-13 Likewise, it also raises the interests 

of chemists to seek new methods to imitate such intriguing colorful patterns of animals 

and pursue ingenious functional biomimetic systems. 
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Stimuli-responsive luminogens refer to a series of smart materials that are 

frequently chosen for performing functional discoloration in artificial systems.14,15 

Although multicolor systems are currently implemented by utilizing a complex 

combination of monoresponsive luminogens,16-19 scientists prefer a single 

multiresponsive luminogenic system for simplicity and repeatability. Besides, reaction-

based responsive luminogens pave an easy way for conducting on-demand 

discoloration with good controllability. However, the reported multiresponsive 

luminogens often display a single, or a single type of chemical reactivity, which is not 

conducive to the diversification of control modes and ultimately limits the scope of 

applications.20-26 Due to the advancement in synthetic organic chemistry, it is then 

anticipated to construct novel multifunctional luminogens by installing different types 

of functional units in one molecule. But one big challenge is how to maintain the 

activity of each functional unit and the corresponding spectral changes in such a hybrid 

molecule.21 On the other hand, new kinds of functional motifs are highly desired to 

enrich the library of discoloration models. Also, photochromic behavior is indeed 

needed in view of the unique advantages of the noncontact coloration model and high 

spatiotemporal resolution in real applications.27-33 Conceivably, if one molecule meets 

all these requirements and further possess “one active site for no less than two reactions” 

property to get rid of the tedious and time-consuming organic synthesis and purification 

processes, its limitless applications are expected. 

In recent years, luminogens with aggregation-induced emission (AIE) has aroused 

the great interest of scientists, and meanwhile their intensified emission in the aggregate 
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state has validated its value for sensing and solid imaging.34-40 Previously, we reported 

a chromone-based AIE luminogen called CMVMN which could undergo specific 

bioconjugation with primary amines to give red-shifted and enhanced fluorescence 

(Scheme S1 in the Electronic Supporting Information).41 By introducing of an 

additional phenyl group, a arylvinyl-substituted chromone-based AIEgen called 

CPVCM was further developed, which could undergo both amination with primary 

amines and photoarrangement with self-reporting property.42 A multi-colored quick 

response code and an all-round information encryption system based on CPVCM alone 

were realized, demonstrating its great potential for developing multifunctional systems. 

Notably, the reactions of CMVMN and CPVCM all occurred at the same position of 

the chromone ring, which demonstrated the possibility of utilizing chromone as a 

specific skeleton to develop functional molecules with “one active site for no less than 

two reactions” property. Therefore, we are wondering whether it is possible to obtain 

another arylvinyl-substituted chromone-based AIEgen that could undergo 

photoarrangement42,43 and also other new chemical reactions at the same position of the 

chromone ring for further pursuing multiresponsive applications. 

In this work, we designed and synthesized an simple AIEgen, namely (Z)-2-[3-(4-

oxo-4H-chromen-3-yl)-1,2-diphenylallylidene]malononitrile and abbreviated as Z-

CDPM (Scheme 1) that could undergo multiple yet controllable thermal and photo 

reactions. Under thermal treatment, Z-CDPM underwent Z/E isomerization to generate 

E-CDPM, whose thermal cyclization produced DPXDC. The thermal elimination of 

DPXDC finally gave DPXC. All Z-CDPM, E-CDPM and DPXDC displayed sensitive 
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photorearrangement processes under UV irradiation. The structure of all these six 

molecules were confirmed by the single crystal X-ray diffraction technique and their 

different photophysical properties in both solution and solid state were checked to 

validate their potential in performing functional discolorations. NMR titration and 

theoretical calculation were further conducted to study the mechanisms of these thermal 

and photoarrangement processes. By utilizing multiresponsive Z-CDPM and DPXDC, 

their dip-coated films were fabricated to realize colored images and dynamic quick 

response (QR) codes with free fixing and erasing capabilities. Thus, this work not only 

developed a novel small AIE skeleton with multiple yet controllable thermal and photo 

responses, but also opened a new venue for the development of multiresponsive 

luminogens and intelligent information encryption based on luminescent materials. 

 

Scheme 1. Schematic illustration of the specific thermal and photo reactions of Z-CDPM under 

different conditions: (i) annealing at 145 ℃ in C2D2Cl4 for 1 d; (ii) annealing at 145 ℃ in C2D2Cl4 

for 30 d; (iii) annealing at 145 ℃ in silica gel for 1 d; (iv) UV irradiation under a 365 nm UV lamp 

for 2 h. Notes: specific atoms of Z-CDPM and DPXDC involved in at least two reactions were 

highlighted with * and ** respectively. 

Results and Discussion 

Photophysical Properties. Photophysical properties and Z/E isomerization. Z-
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CDPM and E-CDPM were both synthesized via a facile two-step process (Scheme S2). 

The intermediate and the final products were all characterized spectroscopically and 

satisfactory results corresponding to their molecular structures were acquired (Figure 

S1-S9). Also, single crystals were grown by a slow evaporation of a mixed solvent of 

dichloromethane (DCM) and petroleum ether (PE), and the corresponding single crystal 

X-ray diffraction data illustrated the twisted conformations of Z-CDPM and E-CDPM 

(Figure 1a and 1b and Table S1). In particular, two dihedral angles (ϕ(1,2,3,4) and 

ϕ(3,4,5,6)) observed in Z-CDPM (24.4°, 31.4°) were found to be much smaller than 

those of E-CDPM (43.7°, 59.5°), while another two dihedral angles (ϕ(3,4,7,8) and 

ϕ(8,7,9,10)) appeared similar and large for both two molecules. Such staggered 

conformations indicated the influence of steric effect on the molecular thermodynamic 

stability, and explained the simultaneous generation of two isomers (Z-CDPM and E-

CDPM) in similar yields. 
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Figure 1. Single crystal structures of (a) Z-CDPM and (b) E-CDPM. Insets: chemical structures and 

dihedral angles in the crystal structures. (c) Photographs of crystals of Z-CDPM and E-CDPM. (d) 

Absorption and normalized photoluminescence (PL) spectra of Z-CDPM (solid line, 10 μM) and E-

CDPM (dash line, 10 μM) in THF/water mixtures with different water fractions (fw). (e) Plots of I/I0 

values versus the fw of Z-CDPM (black, λex/em = 365/505 nm) and E-CDPM (red, λex/em = 350/480 

nm), where I0 = PL intensity in pure THF solution. (f) 1H NMR spectra of as prepared Z-CDPM and 

E-CDPM before and after heating at 145 ℃ in C2D2Cl4 for 1d. Z-CDPM was highlighted in purple, 

E-CDPM was highlighted in orange. 

The photophysical properties of Z-CDPM and E-CDPM were then investigated. As 

shown in Figure 1c and Figure S10, the yellow crystals of Z-CDPM emitted dim 

greenish-yellow fluorescence, while the pale-yellow crystals of E-CDPM was found to 

be almost non-emissive. Their absorption and photoluminescence (PL) spectra in 

solution were also studied. Both Z-CDPM and E-CDPM showed an absorption peak in 

the visible region of 310 nm (Figure 1d), attributing to their poor conjugation.41,42,44 Z-

CDPM displayed also a shoulder absorption band at 365 nm in THF, and emitted 

weakly at 505 nm in THF/water mixture with a water fraction (fw) of 99% (Figure S11). 

Due to the more twisted conformation of E-CDPM, its PL was observed at 480 nm 

instead. When a poor solvent of water was added to their THF solutions to promote the 

aggregate formation, gradually enhanced fluorescence was detected (Figure 1e and 

Figure S11), which confirmed their AIE properties. 

To verify the conjecture of Z/E isomerization under thermal treatment, a deuterium 

reagent C2D2Cl4 with high boiling point (b.p.) was chosen and utilized to prepare the 
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stock solutions for dynamic 1H NMR analysis. Because of their different conjugation, 

Z-CDPM and E-CDPM showed obvious different 1H NMR spectral patterns, and some 

characteristic peaks could be set as references for feasible investigation of the Z/E 

isomerization. As depicted in Figure 1f, the specific peaks of E-CDPM at δ 8.21-8.19, 

7.58-7.52 and 7.16 were also found in the heated solution of Z-CDPM, and the ratio 

between the Z-isomer and the E-isomer was calculated to be 64:36 according to the 

related integral peak. Meanwhile, a similar phenomenon reappeared in the stock 

solution of E-CDPM and a ratio of 34:66 was obtained otherwise. Thus, a reversible 

yet controllable thermal Z/E isomerization was demonstrated for CDPM, as well as the 

thermodynamic stability of the two isomers. Based on the different emission properties 

of Z-CDPM and E-CDPM, it also provided new possibilities for the design of 

isomerization-based responsive luminogens.45,46 

Thermal cyclization. When the heating process was prolonged, not only similar NMR 

peak intensities were detected in Z-CDPM and E-CDPM on day 5, but also several 

unexpected new peaks at δ 8.31-8.30 and 4.80 emerged (Figure 2a). Curiously, we 

conducted a quick test where Z-CDPM was dissolved in diphenyl ether (b.p. 258 ℃) 

and then heated it at 200 ℃ for 2 h (Scheme S3). Afterwards, a new molecule of 

DPXDC was isolated in a yield 87% and identified by single crystal X-ray diffraction 

(Figure 2b and Table S2). Satisfactory spectroscopical results corresponding to its 

molecular structure were obtained (Figure S12-S14), indicating a possible thermal 

cyclization reaction of Z-CDPM in solution. 
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Figure 2. (a) 1H NMR spectra of as prepared Z-CDPM before and after heating at 145 ℃ in C2D2Cl4 

for different time (1, 5, 12, 20, 30 d). Z-CDPM was highlighted in purple, E-CDPM was highlighted 

in orange, and DPXDC was highlighted in green. (b) Chemical and single crystal structures of 

DPXDC. (c) X-Ray diffraction (XRD) diffractograms of the crystal powder of DPXDC. Insets: 

photographs of crystals of DPXDC taken under day light (upper) and UV illumination (down). (d) 

Absorption spectra of DPXDC (10 μM) in THF. (e) PL spectra of DPXDC (10 μM) in THF/water 

mixtures. λex = 365 nm. 

The dynamic 1H NMR analysis depicted an efficient but slow conversion of Z-

CDPM to DPXDC in C2D2Cl4 (Figure 2a). Specifically, the NMR peaks of DPXDC at 

δ 8.31-8.30 and 4.80 were gradually intensified during continuous heating, and 

eventually a 1H NMR spectrum compared with that of DPXDC was obtained after 30 

days of heating. Since the peaks in the aromatic range were well matched with those of 

Z/E-CDPM or DPXDC, a controllable thermal cyclization process and the solely 

generation of DPXDC were demonstrated. Even though a 30-day heating operation 

sounds meaningless in real applications, the high conversion rate of 87% obtained in 

the synthetic procedure provided a feasible method of increasing the temperature to 
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accelerate the thermal cyclization. To get a deeper insight, analysis by differential 

scanning calorimeter (DSC) in the range from 0 ℃ to 200 ℃ was conducted. The DSC 

curve of Z-CDPM exhibited a remarkable peak at 178 ℃ and suggested an endothermic 

thermal cyclization process (Figure S15). The reaction energy (∆G = 8.09 KCal·mol-1) 

was similar to that of E-CDPM (∆G = 7.43 KCal·mol-1). Thus, the comparable 

thermodynamic stability of these two isomers was checked and confirmed again. 

Likewise, a similarity in the related peak intensity of Z-CDPM and E-CDPM was also 

detected in the later stage of heating in the dynamic 1H NMR analysis (≥ 5d, Figure 2a). 

Together with the similar results observed in the dynamic 1H NMR analysis of E-CDPM 

(Figure S16), the robustness of the thermal cyclization of Z/E CDPM was successfully 

validated. 

Later, the photophysical properties of DPXDC were investigated. As depicted in 

Figure 2c-2e, the white crystal of DPXDC showed moderate blue emission, and it 

absorbed at 315 nm and emitted weakly at 450 nm in THF. When a poor solvent of 

water was added to the THF solution, not only an enhancement in the fluorescence 

intensity was observed due to the aggregation of DPXDC molecules, but also a 

gradually red-shifted emission peak was detected. This indicated that DPXDC showed 

both AIE property and the twisted intramolecular charge-transfer effect.47-49 Taken 

together of the specific photophysical properties of DPXDC and the robustness and 

high efficiency of the thermal cyclization in solution, a new thermochromic motif of Z-

CDPM thus could be coined. 

Thermal elimination. Unexpectedly, when silica gel was initially added to the DCM 
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solution of Z-CDPM and then heated at 145 ℃ for 24 h to test its thermochromic 

behavior in the solid state, a completely different 1H NMR spectrum was obtained 

(Figure 3a). Meanwhile, no signal of DPXDC or Z-CDPM was detected at all. To 

unlock this mystery, we purified this compound by column chromatography. A 

compound was isolated in 82% yield, and its molecular structure was confirmed to be 

DPXC by the single crystal X-ray diffraction technique (Figure 3b, Scheme S4 and 

Table S3). Satisfactory spectroscopical results corresponding to its molecular structure 

(Figure S17-S19), including the 1H NMR spectrum compared with that of the final 

heated sample of Z-CDPM were also obtained (Figure 3a). In view of the appearance 

and gradually enhancement in intensity of these characteristic NMR peaks of DPXC at 

δ 8.53, 8.35-8.34, 7.87-7.84 and 7.09-7.08 in the dynamic 1H NMR analysis (Figure 

S20), a new feasible thermal elimination process of Z-CDPM and the formation of 

DPXC in solid state was discovered. Besides, DPXC absorbed at 355 nm and emitted 

weakly in THF (Figure S21 and Figure 3c), and displayed an obvious enhanced 

emission at 460 nm in a THF/water mixture (fw = 99%). All these suggested that it was 

AIE-active. Also, the white crystal of DPXC exhibited weak blue emission (Figure 3d). 

Considering the feasible thermochromic behavior of Z-CDPM in TLC plate (Figure 

S22), Z-CDPM was capable of performing functional discoloration in the solid state by 

the thermal elimination. 
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Figure 3. (a) 1H NMR spectra of Z-CDPM before and after heating at 145 ℃ under different 

conditions. Z-CDPM was highlighted in purple, DPXDC was highlighted in green, and DPXC was 

highlighted in blue. (b) Proposed reaction routes for the formation of DPXC from Z-CDPM and 

DPXDC. (c) PL spectra of Z-DPXC (a, 10 μM) in THF/water mixtures. Inset: plots of I/I0 value 

versus the fw of THF/water mixtures of DPXC, where I0 = PL intensity in pure THF solution. λex/em 

= 355/460 nm. (d) XRD diffractograms of the crystal powder of DPXC. Insets: photographs of 

crystals of DPXC. (e) Energy profile for the thermal reactions of Z-CDPM. 

Under similar reaction conditions, DPXC was generated from DPXDC in the solid 

state (Figure 3a). Also, the enrichment of DPXDC after 30 days of heating appeared to 

accelerate the formation of DPXC in solution, which makes DPXDC a promising 

intermediate for the thermal elimination (Figure S23). Notably, the thermal elimination 
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process of Z-CDPM remained negligible even after 60 days of heating in solution, and 

meanwhile no significant changes could be found in the 1H NMR spectrum of the 

heated crystal powder of Z-CDPM (Figure S24). According to the difference in 

molecular structure, a volatile molecule HCN should be generated in the thermal 

elimination. Possibly, the volatilization of HCN was effectively accelerated by 

dispersing Z-CDPM or DPXDC into silica gel, which eventually activated the thermal 

elimination process. Accordingly, a possible reaction pathway for the formation of 

DPXC was proposed and showed in Figure 3b. 

Thermogravimetric analysis, on the other hand, provided important insights into 

the thermal stability of molecules. The thermogravimetric differential (DTG) curves of 

Z-CDPM and DPXDC were found both stable at temperature below 200 ℃, and a 

maximum peak at about 390 ℃ was detected for Z-CDPM, DPXDC and DPXC (Figure 

S25), illustrating their high decomposition temperature. Additionally, a small peak at 

around 300 ℃ appeared in Z-CDPM and DPXDC (Figure S25), which could be 

attributed to the thermal elimination process. Similar results were found in the DTG 

curve of E-CDPM as well. Therefore, the thermal elimination process of the solid 

powder of Z/E-CDPM and DPXDC all took place at a high temperature of around 

300 ℃, and it occurred simultaneously with the thermal degradation process. 

Later, density functional theory (DFT) calculation was further carried out. In the 

energy profile given in Figure 3e, the initial isomerization of E-CDPM formed a 

metastable product Z-CDPM (3.21 kcal/mol), which illustrated a similar 

thermodynamic stability as Z-CDPM and E-CDPM. As the reaction energy barrier was 
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as high as 46.62 kcal/mol, the isomerization was less likely to occur at room 

temperature. Thus, Z/E-CDPM was feasible to obtain and store. Followed, the 6π-

electron-cyclization led to the formation of another metastable ring-closed intermediate 

called INT1 (1.45 kcal/mol), which further underwent [1,5]-H shift to give the stable 

thermal cyclization product DPXDC with a low energy of -8.2 kcal/mol. Considering 

the relative high energy barrier (38.58 and 35.47 Kcal/mol) for these two processes, it 

was clear that intense heating conditions were required for the thermal cyclization. 

Finally, elimination took place and resulted in the generation of a stable final product 

of DPXC (-37.31 Kcal/mol) and a by-product of HCN. Since it was necessary for INT1 

to overcome a higher energy barrier of 70.75 Kcal/mol than that of DPXDC (69.15 

Kcal/mol) to generate DPXC, theoretically it would get over a lower energy barrier of 

[1,5]-H shift (35.47 Kcal/mol) to form DPXDC. Thus, it was possible to propose a 

cyclization product DPXDC-mediated elimination for Z/E-CDPM. This mechanistic 

insight of the thermal reactions not only pointed out the reaction pathways of Z-CDPM 

under heating, but also provided new possibilities for molecular engineering. 

Photoarrangement I. Due to the presence of the moiety of arylvinyl substituted 

chromone, Z-CDPM should undergo photoarrangement to form an isomer called 

HBNPMM (Figure 4a).42,43 Curiously, we dissolved Z-CDPM in chloroform and then 

irradiated it using a 365 nm UV lamp for 2 h. As expected, the reaction product 

HBNPMM was isolated and well characterized (Scheme S5 and Figure S26-28). Its 

molecular structure was further supported by the single crystal data, indicative of the 

photosensitivity of Z-CDPM. Besides, HBNPMM absorbed at 303 nm in THF, and 
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exhibited AIE property in view of the gradually enhanced fluorescence at 460 nm upon 

water addition (Figure S29 and Figure 4b). Also, the light yellow crystal of HBNPMM 

(Figure S30) showed a faint blue emission, demonstrating the unique photophysical 

properties of HBNPMM. Upon further UV irradiation at 365 nm, the emission of Z-

CDPM in solution was obviously blue-shifted and reached a terminal point of 460 nm 

after 10 s of irradiation, which was similar to that of HBNPMM (Figure 4b and 4c). 

Since the fluorescence intensity almost reached the plateau at the same time, a fast and 

traceable photoarrangement process was confirmed. Otherwise, a continuous 

enhancement in fluorescence intensity was observed for the weakly emissive E-CDPM 

during UV irradiation at 365 nm (Figure S31). Eventually, the photochromic behavior 

of Z/E-CDPM in the TLC plate under UV irradiation was demonstrated (Figure S32), 

confirming the capability of Z/E-CDPM in performing on-demand discoloration in real 

applications. 
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Figure 4. (a) Photoarrangement of Z/E-CDPM and single crystal structures of HBNPMM. (b) PL 

spectra of HBNPMM (a, 10 μM) in THF/water mixtures. λex = 365 nm. Inset: plots of I/I0 value 

versus fw of THF/water mixtures of DPXC, where I0 = PL intensity in pure THF solution. λex/em = 

355/460 nm. (c) PL spectral change of Z-CDPM before and after UV irradiation at 365 nm for 

different time (1, 2, 3, 5, 7,10 and 30 s). (d) 1H NMR spectra of the photoarrangement of Z/E-CDPM 

in C2D2Cl4. Z-CDPM (red line) and E-CDPM (orange line) were irradiated by 365 nm UV 

irradiation from a 365 hand-hold UV lamp for 30 min, and the black line was HBNPMM. (e) Energy 

profile for the photoarrangement of Z-CDPM. 

Considering the similarity observed in the spectral pattern of the irradiated 

solutions of Z/E-CDPM and HBNPMM (Figure 4d), a high-efficient photoarrangement 

of Z/E-CDPM and the formation of solely HBNPMM were observed. Subsequently, 

DFT calculations were carried out to further check the reaction pathways. As showed 
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from the energy profile given in Figure 4e, UV irradiation of Z-CDPM led to the 

formation of E-CDPM. Then, a 6π-electron-cyclization and a [1,9]-H shift process were 

followed to give a relatively stable intermediate (INT3) with a low energy of −8.34 

kcal/mol. As previously reported, a decrease in fluorescence intensity was detected in 

the initial irradiation period (Figure 4c), which might be attributed to the enrichment of 

non-emissive metastable intermediate product INT3.41 Afterwards, it underwent the 

final rearomatization to generate the stable product HBNPMM (-24.73 Kcal/mol). 

Since the energy barriers for these processes were high, UV irradiation was necessary 

to excite the molecule to overcome these energy barriers. In a word, the feasibility of 

arylvinyl substituted chromone as a photoactivatable motif was demonstrated. 

Photoarrangement II. The limited variety of photoactivatable motifs has long puzzled 

scientists. Surprisingly, when a C2D2Cl4 solution of DPXDC was irradiated under a 365 

nm UV lamp, new peaks at δ 7.90-7.88, 7.65-7.62 and 6.74 were emerged and the 

original specific peaks of DPXDC were all disappeared 2 h later (Figure 5a). Then, we 

synthesized this new compound in a similar way, and a molecular structure of 

DPPCYM was identified according to the spectroscopical results and single crystal X-

ray diffraction data (Figure S33-S35, Table S4 and Figure 5b). The similarity in the 

spectral pattern of the irradiated solution of DPXDC and DPPCYM (Figure 5a) further 

raised up the newly-discovered photorearrangement of DPXDC and the solely 

generation of DPPCYM under UV irradiation. 
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Figure 5. (a) Changes in 1H NMR spectrum of DPXDC in C2D2Cl4 during the photoarrangement 

process. (b) Photoarrangement of DPXDC and single crystal structure of HBNPMM. (c) PL spectra 

of HBNPMM (a, 10 μM) in THF/water mixtures with different water fractions (fw). λex = 440 nm. 

(d) PL spectral of DPXDC before and after UV irradiation at 365 nm for different time (1, 2, 3, 5, 

7,10 and 30 s). (e) Energy profile for the photoarrangement of DPXDC. 

Followed, the photophysical properties of DPPCYM and the fluorescence response 

of Z-CDPM to UV irradiation were investigated. DPPCYM displayed two main 

absorption peaks at 347 nm and 440 nm in THF, and its orange single crystal emitted 

strong yellow-green fluorescence (Figure S36 and S37). Upon water addition, an 

enhancement in fluorescence intensity at around 550 nm was observed, confirming the 

AIE property of DPPCYM. On the other hand, a gradually enhanced emission was 

detected for the UV irradiated sample of DPXDC in THF/water mixture with a water 

fraction (fw) of 99%. Also, the fluorescence intensity almost reached a plateau after 10 

s of irradiation, illustrating a fast and traceable photoarrangement process. Previously, 

an unexpected new peak at around 540 nm was detected for DPXDC at fw = 99% under 
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365 nm excitation (Figure 3e), which might also be attributed to the generation of 

DPPCYM. Moreover, the photochromic behavior of DPXDC in the TLC plate was 

further observed(Figure S38), validating the capability of DPXDC for conducting fast 

and UV light-controlled coloration in the solid state. 

To illustrate the reaction pathway of the newly discovered photoarrangement of 

DPXDC, DFT calculations were also carried out. As depicted in Figure 5e, two 

processes were involved in the photoarrangement of DPXDC: one was a ring-opening 

process with the formation of an unstable intermediate product INT4 (4.55 kcal/mol), 

while the another was a 6π-electron-cyclization to generate the final product DPPCYM 

with a low energy of -5.8 kcal/mol. For one thing, the energy barriers for these processes 

were high and UV irradiation was thus required to trigger their occurrence. For another 

thing, INT4 was not stable and the subsequent excitation energy (73.18 kcal/mol) and 

energy barrier (21.10 kcal/mol) was much lower than that of the former ring-opening 

process (90.79 kcal/mol for the excitation energy and 35.30 kcal/mol for energy barrier). 

Thus, INT4 will rapidly convert to DPPCYM and was not detected in the dynamic 1H 

NMR spectra (Figure 5a). To sum up, a new photoactivatable motif of DPXDC was 

coined in this work and it opened new venue for molecular engineering. 

Applications for information encryption. Due to the multi-responsive behaviors of 

Z-CDPM, a general strategy of constructing multifunctional systems was proposed as 

illustrated in Figure 6. Initially, an AIE plate of Z-CDPM was obtained by dip-coating 

a thin-layer chromatography (TLC) plate into its DCM solution and followed by air-

drying process (Figure 6a). Since photochromic luminogens favor a noncontact 
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coloration process with high spatiotemporal resolution, a photopattern with a 

homemade mask of a “crab” image was then carried out to realize the “writing” process. 

By simply dropping the DCM solution into TLC plate and then air-drying, the different 

emission characteristics of these six new AIEgens on TLC plate were checked (Figure 

6b). Accordingly, a blue-green-emissive “crab” image was clearly displayed in the AIE 

plate as expected owing to the photoconversion of Z-CDPM into HBNPMM in the 

irradiated area, while the surroundings appeared non-emissive as the initial AIE 

template (Figure 6c). Later, when the “fixing” process was carried out by heating the 

AIE plate at 200 ℃ for 30 s, strong blue emission emerged in the surrounding area of 

the “crab” image, attributing to the thermal elimination of Z-CDPM and the formation 

of DPXC. Before that, the thermal stability of HBNPMM and DPPCYM was also 

validated (Figure S39). Eventually, the “crab” was totally erased and the whole pattern 

became blue emissive in the “erasing” process by simply irradiating the written AIE 

plate. Thus, Z-CDPM realized in-situ fabricating multicolor images in a single AIEgen 

system. 
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Figure 6. (a) Schematic illustration of the dip-coating of AIEgens (1 mM in DCM) on a TLC plate 

and the corresponding writing, fixing and erasing process through UV irradiation (10 s) or heating 

(200 ℃ for 10 s). b) Fluorescent images of different AIEgens on a TLC plate. Scale bar: 1 cm. c) 

Fluorescent images of the developed multicolor “crab” pattern of Z-CDPM. Scale bar: 5 mm. d) 

Photographs of the developed colored “QR code” of DPXDC. Scale bar: 5 mm. 

Multiple coloration, on the other hand, has great potential for applications like 

information encryption. Since the thermal elimination and photoarrangement of Z-

CDPM occurred at the same position of the chromone ring, it was possible to 

manipulate these two processes according to the sequence. Subsequently, a written 

quick response (QR) code was manufactured through photopatterning on an initial AIE 

plate. For one thing, the written QR code could be read under UV illumination, but 

disappeared when increasing the power of the UV light source (Figure S39). Such a 
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traceless and easy-operation erasure process derived from the fast photorearrangement 

of Z-CDPM was undoubtedly conducive to information security. For another thing, a 

colored fixed QR code with blue and blue-green fluorescence could be further obtained 

and it remained stable after additional UV irradiation (Figure S40 and S41). To be 

precise, not only a steady multicolored image could be prepared for data archiving and 

repeatable reading, but also the specificity of thermal elimination helped to reduce 

random decoding. Furthermore, the thermal elimination and photoarrangement of 

DPXDC occurred also at the same site of the newly-formed six-membered ring. Thus, 

DPXDC was applied for developing multicolored QR code as well, and similar results 

for information encryption were obtained (Figure 6d). To sum up, these new AIEgens 

(Z-CDPM and DPXDC) not only demonstrated their great value in the development of 

multifunctional systems, but also paved a specific new way to achieve high-level 

security information encryption system. 

Conclusion 

In this work, a quintuple responsive and controllable chromone-based AIEgen called Z-

CDPM was designed and synthesized. By selecting different heating or/and irradiation 

conditions or tuning the aggregate morphology, this molecule exhibited efficient, 

quintuple and controllable thermal/photo reaction operated in the mechanisms of (i) 

reversible Z/E isomerization under thermal treatment; (ii) thermal cyclization in 

solution; (iii) thermal elimination when dispersed in silica gel; (iv) photorearrangement 

under UV irradiation; (v) thermal cyclization product DPXDC-mediated 

photorearrangement under UV irradiation. The self-reporting potential of each reaction 
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was also demonstrated by experimental results. In addition, single crystals were all 

obtained to verify these chemical structure and dynamic NMR analysis and theoretical 

calculations were further conducted to verify the reaction mechanisms. Based on the 

multiresponsiveness and controllability of Z-CDPM and DPXDC, multiple-colored 

images and a quick response code with free fixing and erasing capabilities were further 

manufactured for advanced information encryption. To our knowledge, Z-CDPM was 

an example of scarcity for intelligent dynamic coloration. It is anticipated that this work 

not only paves new ways for the design of smart luminogens with multiple responsive 

properties and controllability, but also provides a unique approach for constructing 

advanced information encryption systems based on luminescent materials. 
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