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1.  Supplementary Methods 

1.1 Synthesis and characterization of compounds 

 

Supplementary Figure 1. Synthesis of compounds PY16 and PY13. 

Compounds 1-3 were synthesized according to previous reports. 1-3 

Compound 1 synthesis: To a 1 L flask was added triethylene glycol monomethyl ether (19.2 

mL, 120 mmol), Triethylamine (20.8 mL, 150 mmol), dichloromethane (150 mL). p-

Toluenesulfonyl chloride (19.1 g, 100 mmol) in dichloromethane (300 mL) was slowly dropped 

into the mixture at 0 ℃ with stirring, then returned to room temperature and stired for about 24 

h. The solvent was evaporated by a rotary evaporator to afford a concentrated suspension (about 

100 mL) and then filtered. The filtrate was washed with saturated brine (3x30 mL). The organic 

phase was dried with anhydrous sodium sulfate and filtered. The filtrate was evaporated to give 

compound 1 (22.0 g, 69%) as viscous liquid. It was taken to the next step without any further 
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purification. 1H NMR (400 MHz, Chloroform-d, δ): 7.83-7.76 (m, 2H), 7.34 (d, J = 8.1 Hz, 2H), 

4.19-4.13 (m, 2H), 3.71-3.66 (m, 2H), 3.64-3.58 (m, 6H), 3.56-3.50 (m, 2H), 3.37 (s, 3H), 2.44 

(s, 3H). 

Compound 2 synthesis: To a 1 L flask was added Compound 1 (25.2 g, 79.2 mmol), methyl 

gallate (2.8 g, 15.2 mmol), potassium carbonate (7.4 g, 53.2 mmol), and acetonitrile (400 mL). 

The mixture was refluxed under nitrogen protection for about 24 hours. Then the reaction 

solution was filtered and washed with dichloromethane. The filtrate was rotary evaporated to 

afford crude product and then purified by silica gel column chromatography 

(dichloromethane/MeOH = 50:1 v/v) to give compound 2 (5.6 g, 59%) as oil. 1H NMR (400 

MHz, Chloroform-d, δ): 7.20 (s, 2H), 4.16-4.08 (m, 6H), 3.90-3.78 (m, 7H), 3.71 (t, J = 5.0 Hz, 

2H), 3.66-3.50 (m, 24H), 3.30 (s, 9H). 

Compound 3 synthesis: Hydrazine monohydrate (2 mL, 40.14 mmol) was added to a solution 

of compound 2 (800 mg, 1.284 mmol) in MeOH (20 mL). The reaction mixture was heated to 

reflux for 12 hours under inert atmosphere. Then reaction was stopped and cooled to room 

temperature and methanol was evaporated. The product was extracted with dichloromethane 

(100 mL) and washed with brine solution (3x20 mL). The organic layer was dried over 

anhydrous Na2SO4 and solvent was evaporated to to afford crude product. Then the crude 

product was further purified by silica gel column chromatography (dichloromethane/MeOH = 

15:1, v/v) to provide compound 3 (576 mg, 72% yield) as brown oil. 1H NMR (400 MHz, 

DMSO-d6, δ): 9.68 (s, 2H), 7.16 (s, 2H), 4.14 (t, J = 4.0 Hz, 4H), 4.06 (t, J = 4.0 Hz, 2H), 3.76 

(t, J = 4.0 Hz, 4H), 3.67 (t, J = 4.0 Hz, 2H), 3.62-3.49 (m, 18H), 3.43-3.41 (m, 6H), 3.24 (s, 

9H). 

Compound PY16 synthesis: Compound 3 (482.2 mg, 0.775 mmol) was added to a suspension 

of 1,6-diformylpyrene (100 mg, 0.388 mmol) in EtOH (150 mL). Trifluoroacetate (0.442 mg, 

0.00388 mmol) diluted in EtOH (5 mL) was added dropwise to the suspension. The reaction 

mixture was heated to reflux for 12 h and evaporated to afford crude product (brown oil) after 
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cooling to room temperature. Then the crude product was further purified by silica gel column 

chromatography (dichloromethane/MeOH = 15:1, v/v) to provide PY16 (456 mg, 80% yield) 

as yellow oil; 1H NMR (400 MHz, DMSO-d6, δ): 12.16 (s, 2H), 9.66 (s, 2H), 8.89 (d, J = 9.3 

Hz, 2H), 8.63 (d, J = 8.0 Hz, 2H), 8.43 (d, J = 8.2 Hz, 2H), 8.39 (d, J = 9.3 Hz, 2H), 7.39 (s, 

4H), 4.26-4,24 (m, 8H), 4.13 (t, J = 6.6 Hz, 4H), 3.81 (s, 8H), 3.71 (t, J = 7.2 Hz, 4H), 3.65-

3.62 (m, 8H), 3.61-3.58 (m, 4H), 3.56-3.55 (m, 8H), 3.53-3.50 (m, 16H), 3.44-3.41 (m, 12H), 

3.24 (s, 6H), 3.23 (s, 12H); 13C NMR (151 MHz, DMSO-d6, δ): 162.60, 152.10, 146.26, 140.77, 

131.48, 129.71, 128.94, 128.83, 128.23, 128.02, 125.99, 125.49, 124.32, 123.55, 107.02, 72.03, 

71.34, 70.06, 69.96, 69.93, 69.84, 69.68, 69.05, 68.71, 58.10; HRMS (ESI) (m/z): [M+Na]+ 

calcd for C74H106N4O26Na+, 1489.6988; found, 1489.6986. 

Compound PY13 synthesis: Compound 3 (482.2 mg, 0.775 mmol) was added to a suspension 

of 1,3-diformylpyrene (100 mg, 0.388 mmol) in EtOH (150 mL). Trifluoroacetate (0.442 mg, 

0.00388 mmol) diluted in EtOH (5 mL) was added dropwise to the suspension. The reaction 

mixture was heated to reflux for 12 h and evaporated to afford crude product (brown oil) after 

cooling to room temperature. Then the crude product was further purified by silica gel column 

chromatography (dichloromethane/MeOH = 15:1, v/v) to provide PY13 (416 mg, 73% yield) 

as yellow oil; 1H NMR (400 MHz, DMSO-d6, δ): 11.99 (s, 2H), 9.58 (s, 2H), 9.14 (s, 1H), 8.82 

(d, J = 8.0 Hz, 2H), 8.47 (s, 2H), 8.45 (s, 2H), 8.19 (t, J = 7.6 Hz, 1H), 7.34 (s, 4H), 4.26-4.24 

(m, 8H), 4.14 (t, J = 4.4 Hz, 4H), 3.83-3.80 (m, 8H), 3.71 (t, J = 4.8 Hz, 4H), 3.66-3.62 (m, 8H), 

3.61-3.58 (m, 4H), 3.57-3.56 (m, 8H), 3.54-3.50 (m, 16H), 3.45-3.41 (m, 12H), 3.24 (s, 6H), 

3.23 (s, 12H); 13C NMR (101 MHz, DMSO-d6, δ): 162.63, 152.11, 145.91, 140.73, 130.49, 

129.70, 128.29, 127.11, 126.90, 124.84, 123.94, 122.41, 106.94, 72.03, 71.34, 70.06, 69.92, 

69.83, 69.68, 69.04, 68.68, 58.10; HRMS (ESI) (m/z): [M+Na]+ calcd for C74H106N4O26Na+, 

1489.6988; found, 1489.6996. 
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Supplementary Figure 2. 1H NMR spectrum of compound PY16. 

 

Supplementary Figure 3. 13C NMR spectrum of compound PY16. 
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Supplementary Figure 4. Mass spectrum of compound PY16. 

 

Supplementary Figure 5. 1H NMR spectrum of compound PY13. 
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Supplementary Figure 6. 13C NMR spectrum of compound PY13. 

 

Supplementary Figure 7. Mass spectrum of compound PY13. 
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2. Supplementary Figures 

2.1 Amphiphilic self-assembly  

 
Supplementary Figure 8. Excitation fluorescence mapping of compound PY16 (a) DMSO solution, (b) 

aqueous solution (25 °C, 20 M). 

 

 

Supplementary Figure 9. The absolute fluorescence quantum yield of compound PY16 in DMSO and 

aqueous solutions (0.1 mM, ex = 400 nm). The measurement was repeated for three times and the average 

absolute fluorescence quantum yield was 8.0% (DMSO) and 39.5% (H2O), respectively. 
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Supplementary Figure 10. Concentration-dependent fluorescence spectra of compound PY16 in aqueous 

solutions: (a) from 0.45 to 5.5 μM; (b) from 4.5 to 89 μM, λex = 380 nm. (c) The plot of the fluorescence 

intensity at 600 nm versus the concentration, revealing the critical assembly concentration as 3 μM. (d) The 

plot of the fluorescence intensity ratio versus the monomeric PY16 concentration. 

 

Supplementary Figure 11. TEM images of compound PY16 in an aqueous solution (0.1 mM). 
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Supplementary Figure 12. Concentration-dependent (0.5-100 μM) (a) fluorescence spectra and (b) 

normalized fluorescence spectra of compound PY13 in aqueous solutions. (c) The plot of the fluorescence 

intensity at 470 nm versus PY13 concentration. The decrease of intensity at high concentrations (above 18 

μM) may be attributed to the inner filter effect. 

 

Supplementary Figure 13. The absolute fluorescence quantum yield of compound PY13 in DMSO and 

aqueous solutions (0.1 mM, ex = 380 nm). The measurement was repeated for three times and the average 

absolute fluorescence quantum yield was 6.7% (DMSO) and 13.2% (H2O), respectively. 
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Supplementary Figure 14. The absolute solid fluorescence quantum yield of compounds PY16 and PY13. 

The film was prepared by dropping compounds’ aqueous solution into a quartz flake and then evaporated. 

Each sample was measured three times and the average absolute solid fluorescence quantum yield was 

15.4% (PY16) and 6.6% (PY13), respectively. 

 

Supplementary Figure 15. Excitation spectra of compound PY16 (black line: DMSO, em = 450 nm; red 

line: H2O, em = 600 nm, 20 M). 

 

Supplementary Figure 16. Time-resolved fluorescence spectra of compound PY16 in DMSO/H2O 

mixture with 90% water fraction (20 M). 
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2.2 Information encryption materials 

 

Supplementary Figure 17. The photographs of PY16 solution in natural light and UV light. 

 

Supplementary Figure 18. 1H NMR spectra of compound PY16 before (green line) and after (red line) 

staying in water for three days. Compound PY16’s aqueous solution (0.1 mM) was stayed in the dark for 3 

days and then freeze-dried, redissolved in DMSO-d6. The proton signal of the pyrene and dynamic 

acylhydrazone unit showed similar chemical shift and split to the previous one, suggesting that PY16 was 

stable in aqueous solution. 
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Supplementary Figure 19. A schematic illustration for the formation of “sandwich” structure. 

 

Supplementary Figure 20. Fluorescent pattern “rose” after solvent evaporation. 

 

Supplementary Figure 21. The absolute fluorescence quantum yield (Φ) of compound (a) PY16 and (b) 

PY13 absorbed on silica gel, before (black line) and after solvent treatment (blue line: dichloromethane, red 
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line: water). The measurements were repeated for three times and the average absolute fluorescence quantum 

yield was shown in the figure. The fluorescence lifetimes (τ) of compound (c) PY16 and (d) PY13 absorbed 

on silica gel, before (black line) and after solvent treatment (blue line: dichloromethane, red line: water). 

Both of the compounds exhibited a longer lifetime after water treatment, suggesting the occurrence of 

assembly.  

 

Supplementary Figure 22. Photographs of encrypted letter (a) “T” and (b) “8” before and after DCM 

treatment, displaying time-dependent multiple information in which the correct information can be identified 

only at a specified time. (c) Photographs of the time-dependent 3D code (4D code) with varied information, 

correct/fake/black code, on a time scale of 1 minute to 28 hours. 
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Supplementary Figure 23. Illustrations of 10 repeating cycles of dynamic fluorescence material. 

 

Supplementary Figure 24. 1H NMR spectrum of compound PY16 after performing ten written-erased 

cycles. Similar proton signals were observed comparing to the compound without absorbing on silica gel 

(Supplementary Fig. 2), indicating good stability of this compound absorbed on silica gel. 
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