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1. Materials/ General Methods/ Instrumentation 

All synthetic experiments were carried out under an argon atmosphere applying 

standard Schlenk techniques. The reactive substances 2,7-dibromo-9H-fluoren-9-one, 

(4-methoxyphenyl)boronic acid, (3-methoxyphenyl)boronic acid, (2-

methoxyphenyl)boronic acid, (4-(dimethylamino)phenyl)boronic acid, (3-

(dimethylamino)phenyl)boronic acid, (2-(dimethylamino)phenyl)boronic acid, (4-

(trifluoromethyl)phenyl)boronic acid, (3-(trifluoromethyl)phenyl)boronic acid, (2-

(trifluoromethyl)phenyl)boronic acid, (4-nitrophenyl)boronic acid, (3-nitrophenyl)boronic 

acid, (2-nitrophenyl)boronic acid, (4-chlorophenyl)boronic acid, (3-chlorophenyl)boronic 

acid, (2-chlorophenyl)boronic acid, and (4-(diphenylamino)phenyl)boronic acid were 

purchased directly from Innochem (Beijing, China). All the other reactive substances 

and all reagents were commercially available and used without further purification. 

Deuterated solvents were purchased from Cambridge Isotope Laboratory (Andover, 

MA). TLC analysis was performed using pre-coated glass plates. Column 

chromatography was performed using silica gel (200-300 mesh). Intermediates I-1 to I-

15 and II-1 to II-15 were prepared by the synthesis methods described in our previously 

reported literature.[1] 1H NMR and 13C NMR spectra were recorded on a Varian INOVA-

500 NMR Spectrometer. 1H NMR spectra were reported as followed: chemical shift in 

ppm (δ) relative to the chemical shift of TMS at 0.00 ppm, integration, multiplicities (s = 

singlet, d = doublet, t = triplet, m = multiplet), and coupling constant (Hz). 13C NMR 

chemical shifts reported in ppm (δ) relative to the central line of triplet for CDCl3 at 77 

ppm. High-Resolution Mass Spectrometer (HRMS) spectra were recorded with a Bruker 

UltrafleXtreme MALDI-TOF/TOF Mass Spectrometer, DHB as matrix. The X-ray crystal-

structure determinations of Sym-o-OMe crystal and Sym-o-NO2 crystal were carried out 

on a Bruker APEX DUO CCD system, and their corresponding crystallographic data of 

Sym-o-OMe and Sym-o-NO2 have been deposited in the Cambridge Crystallographic 

Data Centre as supplemental publications CCDC 2432608 (Sym-o-OMe) and CCDC 

2432609 (Sym-o-NO2). Photoluminescence (PL) spectra were measured by a PL 

spectrometer FLS1000 (Edinburgh Instruments). Powder X-ray diffraction (XRD) data 

were recorded on a Shimadzu XRD-6000 diffractometer using Ni-filtered and graphite-

monochromated Cu Kα radiation (λ = 1.54 Å, 40 kV, 30 mA). Differential scanning 
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calorimetry data were recorded on Simultaneous Thermal Analyzer (HENVEN, HSC-

4PLUS). Density functional theory (DFT) calculations were carried out using Gaussian 

16 programs throughout this manuscript. The optimizations of positions of H atoms in 

single-crystal XRD data were performed using B3LYP hybrid functional[2] with Grimme’s 

dispersion correction of D3 version (Becke-Johnson damping)[3]. The standard 6-31G* 

basis set[4,5] for all atoms was used. It is said that the reasonable HOMO-LUMO gaps 

can be obtained at this theoretical level.[6] The isosurfaces of canonical molecular 

orbitals are obtained by Multiwfn[7] and VMD[8] program. Time-dependent density 

functional theory (TD-DFT) calculations of Sym-o-OMe crystal and Sym-o-NO2 crystal 

in tetramer forms were performed using the Gaussian 16 program[9]. These calculations 

were carried out in the gas phase at the TD-B3LYP-D3BJ[10]/6-31G*[11] level of theory, 

based on the optimized structures. Photographs were recorded on a smart phone 

(iPhone 14 Pro). The quick response (QR) code was designed according to IEC 18004, 

and the corresponding information was read out by scanning the QR code under 365 

nm UV light via the WeChat APP software of a smart phone (iPhone 14 Pro), which was 

downloaded for free from the Apple App Store. The information code corresponding to 

“Bidirectional high-contrast mechanofluorochromism” was registered on 

www.colorzip.com and read out by a smart phone (iPhone 14 Pro) using the 

COLORCODETM APP software, which could also be downloaded for free from the Apple 

App Store during the completion of this work. This WeChat and COLORCODETM APP 

softwares were applied only for exploring QR code-based or 3D-colored code-based 

anti-counterfeiting applications of Sym-p-OMe and Sym-m-OMe and not for any other 

purposes. The absolute fluorescence quantum yields were measured by a FLS1000 

fluorescence spectrophotometer (Edinburgh Instruments) using an integrating sphere 

and a continuous xenon lamp (450 W) as an excitation source. The fluorescence 

lifetimes were measured by the FLS1000 spectrofluorometer using a 375 nm EPL 

picosecond pulsed diode laser. 

2. The syntheses of 15 Sym-Pos-R compounds 

Syntheses of target molecules Sym-Pos-R. Compounds Sym-Pos-R were 

synthesized in a similar manner. Taking the synthetic procedure of Sym-p-OMe as a 

representative example: A mixture of intermediate II-1 (1.29 mmol, 0.71 g), (4-



6 
 

(diphenylamino)phenyl)boronic acid (2.70 mmol), Na2CO3 (12.8 mmol), Pd(PPh3)4 (0.26 

mmol) were stirred in THF (80 mL) and H2O (8 mL) for two days under an argon 

atmosphere at 80°C. After completion of the reaction, the mixture was extracted with 

dichloromethane and water, and then washed with brine three times. The combined 

organic layers were dried over anhydrous MgSO4, and concentrated under vacuum. The 

residual mixture was purified by column chromatography on silica gel using the 

petroleum ether/dichloromethane (5:1) as eluent, affording the desired pale-yellow solid 

product Sym-p-OMe in a good yield of 76%. 

 

Scheme S1 Synthetic routes of 15 Sym-Pos-R compounds. 

Sym-p-OMe (Pale-yellow solid; Yield = 76%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.68 (d, J = 10.0 Hz, 2H), 7.34 (d, J = 5.0 Hz, 4H), 7.22 (d, J = 10.0 Hz, 4H), 7.19-7.14 

(m, 12H), 7.07 (d, J = 10.0 Hz, 8H), 7.03-6.96 (m, 8H), 6.91 (d, J = 10.0 Hz, 4H), 3.77 

(s, 6H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 158.9, 148.2, 147.4, 146.1, 140.1, 

138.5, 138.5, 136.1, 134.4, 133.4, 131.7, 129.4, 128.1, 127.9, 125.7, 125.0, 124.8, 

123.4, 123.2, 122.3, 119.5, 114.2, 55.4. HRMS-ESI (m/z): Found: [M + H]+ 877.3791; 

“molecular formula C64H48N2O2” requires [M + H]+ 877.3789. 

Sym-m-OMe (Yellow solid; Yield = 78%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 7.72 (d, 

J = 10.0 Hz, 2H), 7.45 (d, J = 10.0 Hz, 2H), 7.29 (t, J = 10.0 Hz, 2H), 7.23-7.12 (m, 

16H), 7.06-6.94 (m, 18H), 6.83-6.81 (m, 2H), 3.75 (s, 6H). 13C NMR (125 MHz, CDCl3): 

δ (ppm) = 158.9, 148.2, 147.3, 146.1, 140.0, 138.5, 138.4, 136.1, 134.4, 131.7, 129.4, 

O

Br Br

Pd(PPh3)4, Na2CO3, 
THF, H2O, reflux

B
OH

OH CBr4, PPh3

Toluene

O

Pd(PPh3)4, Na2CO3, 
THF, H2O, reflux

B
OH

OH
N

R = p-OMe, I-1; R = p-NMe2, I-2; R = p-CF3, I-3; 
R = p-NO2, I-4; R = p-Cl, I-5; R = m-OMe, I-6; 

R = m-NMe2, I-7; R = m-CF3, I-8; R = m-NO2, I-9;
R = m-Cl, I-10; R = o-OMe, I-11; R = o-NMe2, I-12; 

R = o-CF3, I-13; R = o-NO2, I-14; R = o-Cl, I-15

R
R R

R R

Br Br

R = p-OMe, II-1; R = p-NMe2, II-2; R = p-CF3, II-3; 
R = p-NO2, II-4; R = p-Cl, II-5; R = m-OMe, II-6; 

R = m-NMe2, II-7; R = m-CF3, II-8; R = m-NO2, II-9;
R = m-Cl, II-10; R = o-OMe, II-11; R = o-NMe2, II-12; 

R = o-CF3, II-13; R = o-NO2, II-14; R = o-Cl, II-15

R = p-OMe, Sym-p-OMe; R = p-NMe2, Sym-p-NMe2; R = p-CF3, Sym-p-CF3; 
R = p-NO2, Sym-p-NO2; R = p-Cl, Sym-p-Cl; R = m-OMe, Sym-m-OMe; 

R = m-NMe2, Sym-m-NMe2; R = m-CF3, Sym-m-CF3; R = m-NO2, Sym-m-NO2;
R = m-Cl, Sym-m-Cl; R = o-OMe, Sym-o-OMe; R = o-NMe2, Sym-o-NMe2; 

R = o-CF3, Sym-o-CF3; R = o-NO2, Sym-o-NO2; R = o-Cl, Sym-o-Cl

R R

N N



7 
 

128.1, 127.9, 125.7, 125.0, 124.8, 123.4, 123.3, 123.2, 122.2, 119.5, 114.1, 55.3. 

HRMS-ESI (m/z): Found: [M + H]+ 877.3781; “molecular formula C64H48N2O2” requires 

[M + H]+ 877.3789. 

Sym-o-OMe (Pale-yellow solid; Yield = 75%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.75 (d, J = 10.0 Hz, 2H), 7.49 (d, J = 5.0 Hz, 2H), 7.34-7.31 (m, 2H), 7.27 (d, J = 10.0 

Hz, 5H), 7.24 (d, J = 1.5 Hz, 1H), 7.16 (t, J = 7.5 Hz, 8H), 7.11 (s, 2H), 7.06-6.97 (m, 

20H), 3.77 (s, 6H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 156.4, 147.9, 147.4, 145.4, 

139.3, 138.9, 136.5, 136.2, 134.0, 131.3, 131.2, 130.7, 129.3, 128.8, 128.3, 126.0, 

124.8, 123.1, 122.6, 120.9, 118.7, 111.2, 55.5. HRMS-ESI (m/z): Found: [M + H]+ 

877.3793; “molecular formula C64H48N2O2” requires [M + H]+ 877.3789. 

Sym-p-NMe2 (Yellow solid; Yield = 71%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 7.65 (d, 

J = 10.0 Hz, 2H), 7.40 (d, J = 10.0 Hz, 2H), 7.31 (d, J = 10.0 Hz, 4H), 7.23 (d, J = 10.0 

Hz, 4H), 7.19-7.08 (m, 20H), 7.03 (d, J = 5.0 Hz, 4H), 6.96 (t, J = 7.5 Hz, 4H), 6.75 (s, 

2H), 2.92 (s, 12H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 149.7, 148.1, 147.4, 145.5, 

140.0, 138.7, 138.2, 136.44, 133.8, 131.6, 130.9, 129.9, 129.3, 128.8, 127.4, 125.3, 

125.0, 123.3, 122.8, 122.4, 119.3, 112.9, 40.7. HRMS-ESI (m/z): Found: [M + H]+ 

903.4422; “molecular formula C66H54N4” requires [M + H]+ 903.4422. 

Sym-m-NMe2 (Orange-red solid; Yield = 73%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.71 (d, J = 10.0 Hz, 2H), 7.46 (d, J = 5.0 Hz, 2H), 7.23 (d, J = 10.0 Hz, 4H), 7.19 (s, 

4H), 7.16-7.11 (m, 10H), 7.02-6.94 (m, 16H), 6.78-6.67 (m, 4H), 2.91 (s, 12H). 13C NMR 

(125 MHz, CDCl3): δ (ppm) = 148.2, 147.3, 146.0, 142.8, 140.0, 139.9, 138.9, 136.1, 

133.5, 131.4, 129.3, 129.0, 127.5, 126.4, 125.1, 123.9, 123.3, 122.8, 122.2, 121.8, 

119.4, 116.2, 115.6, 111.4, 111.3, 40.7. HRMS-ESI (m/z): Found: [M + H]+ 903.4421; 

“molecular formula C66H54N4” requires [M + H]+ 903.4422. 

Sym-o-NMe2 (Orange-yellow solid; Yield = 70%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.73 (d, J = 10.0 Hz, 2H), 7.54 (d, J = 5.0 Hz, 2H), 7.27 (d, J = 10.0 Hz, 3H), 7.24 (d, J = 

10.0 Hz, 3H), 7.17 (t, J = 7.5 Hz, 8H), 7.13-7.05 (m, 6H), 7.02 (d, J = 5.0 Hz, 18H), 2.53 

(d, J = 20.0 Hz, 12H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 151.1, 147.9, 147.4, 

145.4, 139.9, 139.6, 138.4, 136.4, 134.5, 133.9, 131.5, 131.2, 129.3, 129.3, 127.9, 

127.8, 125.2, 124.9, 124.2, 123.2, 122.5, 121.2, 118.9, 117.3, 43.4. HRMS-ESI (m/z): 

Found: [M + H]+ 903.4418; “molecular formula C66H54N4” requires [M + H]+ 903.4422. 
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Sym-p-CF3 (Yellow-green solid; Yield = 81%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.79 (d, J = 5.0 Hz, 2H), 7.63 (d, J = 5.0 Hz, 4H), 7.51 (d, J = 10.0 Hz, 4H), 7.24-7.15 

(m, 20H), 7.02 (t, J = 15.0 Hz, 12H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 148.6, 

147.2, 145.3, 139.4, 137.6, 131.8, 129.4, 129.1, 128.9, 128.6, 127.6, 127.1, 126.2, 

125.7, 125.7, 125.6, 125.4, 125.1, 123.7, 123.2, 122.1, 121.1, 119.9. HRMS-ESI (m/z): 

Found: [M + H]+ 953.3334; “molecular formula C64H42F6N2” requires [M + H]+ 953.3325. 

Sym-m-CF3 (Orange-red solid; Yield = 76%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.78 (d, J = 10.0 Hz, 2H), 7.68 (s, 2H), 7.57-7.47 (m, 6H), 7.21 (t, J = 10.0 Hz, 10H), 

7.12 (t, J = 7.5 Hz, 8H), 6.99 (t, J = 10.0 Hz, 14H). 13C NMR (125 MHz, CDCl3): δ (ppm) 

= 148.6, 147.1, 142.6, 139.1, 137.6, 131.7, 131.5, 131.2, 131.0, 130.7, 130.1, 129.3, 

129.2, 127.4, 126.1, 125.2, 123.8, 123.8, 123.6, 123.1, 121.7, 120.9, 120.0. HRMS-ESI 

(m/z): Found: [M + H]+ 953.3332; “molecular formula C64H42F6N2” requires [M + H]+ 

953.3325. 

Sym-o-CF3 (Orange-yellow solid; Yield = 80%): Its 1H NMR, 13C NMR and HRMS data 

and spectra can be found in our previously reported literature.[1] 

Sym-p-NO2 (Orange-red solid; Yield = 65%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 8.29 

(d, J = 5.0 Hz, 2H), 7.83-7.77 (m, 2H), 7.59 (d, J = 10.0 Hz, 2H), 7.54-7.52 (m, 1H), 

7.33-7.26 (m, 10H), 7.24-7.20 (m, 10H), 7.12-7.02 (m, 15H). 13C NMR (125 MHz, 

CDCl3): δ (ppm) = 148.5, 148.4, 147.2, 147.1, 147.0, 146.6, 140.6, 140.0, 139.7, 139.2, 

136.1, 135.7, 135.6, 132.6, 131.8, 131.7, 129.4, 129.4, 127.4, 127.2, 126.0, 125.1, 

125.0, 124.6, 124.0, 123.9, 123.7, 123.6, 122.1, 122.0, 119.8, 119.7. HRMS-ESI (m/z): 

Found: [M + H]+ 907.3274; “molecular formula C62H42N4O4” requires [M + H]+ 907.3279. 

Sym-m-NO2 (Orange-red solid; Yield = 63%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

8.35 (t, J = 2.5 Hz, 1H), 8.18-8.16 (m, 1H), 7.83 (d, J = 5.0 Hz, 1H), 7.77 (t, J = 7.5 Hz, 

2H), 7.60-7.52 (m, 2H), 7.33-7.26 (m, 9H), 7.25-7.17 (m, 11H), 7.11-7.01 (m, 15H). 13C 

NMR (125 MHz, CDCl3): δ (ppm) = 148.8, 148.4, 148.3, 147.3, 147.2, 146.9, 143.6, 

140.2, 140.1, 139.6, 139.3, 136.2, 135.8, 135.7, 132.8, 132.6, 131.6, 131.6, 129.5, 

129.4, 129.3, 127.2, 126.6, 125.9, 125.0, 125.0, 124.6, 123.6, 123.5, 122.2, 122.1, 

121.7, 119.8. HRMS-ESI (m/z): Found: [M + H]+ 907.3278; “molecular formula 

C62H42N4O4” requires [M + H]+ 907.3279. 

Sym-o-NO2 (Yellow solid; Yield = 62%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 7.87 (d, J 
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= 10.0 Hz, 2H), 7.79 (d, J = 5.0 Hz, 2H), 7.62 (t, J = 7.5 Hz, 2H), 7.49 (t, J = 7.5 Hz, 2H), 

7.38 (d, J = 10.0 Hz, 2H), 7.24-7.18 (m, 14H), 7.03 (t, J = 10.0 Hz, 16H), 6.94 (s, 2H). 

13C NMR (125 MHz, CDCl3): δ (ppm) = 149.1, 148.3, 147.6, 147.3, 139.8, 139.3, 137.1, 

135.6, 135.3, 132.5, 132.2, 132.0, 131.4, 129.3, 127.8, 126.8, 125.0, 124.4, 124.3, 

123.3, 122.5, 119.7. HRMS-ESI (m/z): Found: [M + H]+ 907.3271; “molecular formula 

C62H42N4O4” requires [M + H]+ 907.3279. 

Sym-p-Cl (Orange-yellow solid; Yield = 78%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 

7.73-7.66 (m, 2H), 7.41-7.37 (m, 2H), 7.32 (d, J = 10.0 Hz, 4H), 7.24-7.12 (m, 18H), 

7.08-6.98 (m, 16H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 148.5, 147.3, 147.3, 140.3, 

140.2, 139.0, 137.8, 135.8, 133.0, 131.7, 131.7, 131.6, 129.4, 129.3, 128.9, 128.1, 

125.9, 125.3, 125.1, 125.1, 125.0, 124.7, 123.6, 123.5, 123.5, 122.3, 122.2, 119.8. 

HRMS-ESI (m/z): Found: [M + H]+ 885.2794; “molecular formula C62H42Cl2N2” requires 

[M + H]+ 885.2798. 

Sym-m-Cl (Yellow solid; Yield = 75%): 1H NMR (500 MHz, CDCl3): δ (ppm) = 7.81 (d, J 

= 5.0 Hz, 2H), 7.50-7.47 (m, 4H), 7.38-7.27 (m, 10H), 7.23-7.18 (m, 10H), 7.13-7.03 (m, 

16H). 13C NMR (125 MHz, CDCl3): δ (ppm) = 148.6, 147.2, 147.2, 143.7, 140.3, 139.2, 

137.6, 135.4, 134.7, 132.7, 131.7, 129.9, 139.4, 127.1, 126.9, 126.0, 125.3, 125.3, 

125.0, 125.0, 123.6, 123.6, 123.5, 121.8, 119.8. HRMS-ESI (m/z): Found: [M + H]+ 

885.2808; “molecular formula C62H42Cl2N2” requires [M + H]+ 885.2798. 

Sym-o-Cl (Yellow solid; Yield = 73%): 1H NMR (500 MHz, CDCl3): δ (ppm) =7.74 (d, J = 

5.0 Hz, 2H), 7.43 (d, J = 5.0 Hz, 2H), 7.33-7.31 (m, 2H), 7.26-7.21 (m, 6H), 7.19 (t, J = 

2.5 Hz, 6H), 7.13 (t, J = 7.5 Hz, 8H), 6.98-6.94 (m, 16H). 13C NMR (125 MHz, CDCl3): δ 

(ppm) = 148.1, 147.4, 146.7, 141.1, 139.4, 139.1, 137.3, 136.1, 133.2, 132.5, 131.4, 

130.0, 129.3, 128.6, 128.3, 126.8, 126.0, 124.9, 124.4, 123.3, 122.6, 118.9. HRMS-ESI 

(m/z): Found: [M + H]+ 885.2803; “molecular formula C62H42Cl2N2” requires [M + H]+ 

885.2798. 

3. Fluorescence responses of luminogens Sym-m-NMe2, Sym-p-NO2, Sym-m-

NO2, and Sym-m-CF3 before and after mechanical stimulation 
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Fig. S1 Normalized PL spectra and PL photographs under 365 nm UV light of solids Sym-m-NMe2 

(a), Sym-p-NO2 (b), Sym-m-NO2 (c), and Sym-m-CF3 (d) before and after grinding. 

4. Powder XRD patterns of luminogens Sym-m-NMe2, Sym-p-NO2, Sym-m-NO2, 

and Sym-m-CF3 before and after mechanical stimulation 
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Fig. S2 Powder XRD patterns of solids Sym-m-NMe2 (a), Sym-p-NO2 (b), Sym-m-NO2 (c), and 

Sym-m-CF3 (d) before and after grinding. 

5. The three-color mechanofluorochromic repeatabilities of 10 new developed 

fluorogenic compounds 
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Fig. S3 The repeatability demonstration of three-color mechanofluorochromism of (a) Sym-p-OMe, 

(b) Sym-m-OMe, (c) Sym-o-OMe, (d) Sym-p-NMe2, (e) Sym-o-NMe2, (f) Sym-p-CF3, (g) Sym-o-

NO2, (h) Sym-p-Cl, (i) Sym-m-Cl or (j) Sym-o-Cl. 

6. CIE chromaticity diagrams of various solid states of 14 new Sym-Pos-R 

luminogens 
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Fig. S4 CIE chromaticity diagrams of 14 new Sym-Pos-R luminogens in various solid states: (a) 

Sym-p-OMe; (b) Sym-m-OMe; (c) Sym-o-OMe; (d) Sym-p-NMe2; (e) Sym-m-NMe2; (f) Sym-o-
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NMe2; (g) Sym-p-CF3; (h) Sym-m-CF3; (i) Sym-p-NO2; (j) Sym-m-NO2; (k) Sym-o-NO2; (l) Sym-p-

Cl; (m) Sym-m-Cl; (n) Sym-o-Cl. 

7. 1H NMR spectra of various solid forms in CDCl3 of Sym-m-OMe, Sym-o-OMe 

or Sym-p-NO2 

 
Fig. S5 1H NMR spectra of pristine, slightly ground, and heavily ground solid samples in CDCl3 of 

Sym-m-OMe. 



15 
 

 
Fig. S6 1H NMR spectra of pristine, slightly ground, and heavily ground solid samples in CDCl3 of 

Sym-o-OMe. 

 
Fig. S7 1H NMR spectra of pristine and ground solid samples in CDCl3 of Sym-p-NO2. 

8. The average fluorescence lifetimes (τ) of 14 new Sym-Pos-R luminogens in 

different solid states  

Table S1 The average τ values of various solid states of 14 new Sym-Pos-R compounds 
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9. Decay curves of different solid forms at maximum emission peaks of 10 

new three-color mechanofluorochromic compounds  

 

Fig. S8 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-p-

OMe: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 
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Fig. S9 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-m-

OMe: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 

 

Fig. S10 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-o-

OMe: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 
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Fig. S11 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-p-

NMe2: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 

 

Fig. S12 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-o-

NMe2: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 
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Fig. S13 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-p-

CF3: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 

 

Fig. S14 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-o-

NO2: (a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment 

with dichloromethane. Excitation wavelength: 375 nm. 
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Fig. S15 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-p-Cl: 

(a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment with 

dichloromethane. Excitation wavelength: 375 nm. 

 

Fig. S16 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-m-Cl: 

(a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment with 

dichloromethane. Excitation wavelength: 375 nm. 
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Fig. S17 Decay curves of different solid forms at maximum emission peaks of luminogen Sym-o-Cl: 

(a) unground solid; (b) slightly ground solid; (c) heavily ground solid; (d) solid after treatment with 

dichloromethane. Excitation wavelength: 375 nm. 

10. Powder XRD patterns of luminogens Sym-o-NMe2, Sym-p-Cl, Sym-o-OMe, 

Sym-p-NMe2, Sym-p-CF3, Sym-o-NO2, Sym-m-Cl, and Sym-o-Cl in various solid 

states 
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Fig. S18 Powder XRD patterns of various solid states of Sym-o-NMe2 (a), Sym-p-Cl (b), Sym-o-

OMe (c), Sym-p-NMe2 (d), Sym-p-CF3 (e), Sym-o-NO2 (f), Sym-m-Cl (g), and Sym-o-Cl (h). 

11. Concentration-dependent fluorescence property of compound Sym-o-OMe 

in CH2Cl2 solutions 
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Fig. S19 Fluorescence spectra of compound Sym-o-OMe in different concentrations of CH2Cl2 

solutions. Excitation wavelength: 365 nm. The insets show fluorescence photographs under 365 nm 

UV light of Sym-o-OMe in different concentrations of CH2Cl2 solutions (left: 2.0 × 10-4 mol L-1; right: 

1.0 × 10-3 mol L-1). 

12. Aggregation-induced emission behavior of compound Sym-o-OMe 

 

Fig. S20 Fluorescence spectra of compound Sym-o-OMe (2.0 × 10-5 mol L-1) in DMF/water mixtures 

with various water fraction (fw) values. Excitation wavelength = 365 nm. The inset shows the 

fluorescence images of Sym-o-OMe (2.0 × 10-5 mol L-1) in pure DMF as well as 90% water fraction 

under 365 nm UV light. 

13. Schematic diagram of molecular packing variation and enhanced 

intermolecular π-π interactions of solid Sym-o-OMe after heavy grinding 

 

Fig. S21 Schematic diagram of molecular packing variation and enhanced intermolecular π-π 

interactions of green fluorescent solid Sym-o-OMe after heavy grinding. 

14. Energy diagrams and the frontier molecular orbitals contribution of 

tetramer forms of Sym-o-OMe and Sym-o-NO2 
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Fig. S22 Energy diagrams and the frontier molecular orbitals contribution of Sym-o-OMe crystal and 

Sym-o-NO2 crystal in tetramer forms. 

15. Major eclectronic excitations for tetramer forms of Sym-o-OMe and Sym-o-

NO2 

Table S2 Major eclectronic excitations for Sym-o-OMe crystal and Sym-o-NO2 crystal  

in tetramer forms 
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16. Hirshfeld surface analyses and intermolecular C-H…π, C-H…O, and π…π 

interactions summarizations of molecular packing structures of Sym-o-OMe and 

Sym-o-NO2 
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Fig. S23 Hirshfeld surface mapped with the parameter dnorm; pie-chart: relative contributions of 

various intermolecular interactions to the Hirshfeld surface area; 2-D fingerprint plots of compound: 

full, and resolved into C…H, O…H and C…C contacts showing the percentages of contacts 

contributed to the total Hirshfeld surface area of molecule. The grey shadow is an outline of the 

complete fingerprint plot for each plot. (a) for Sym-o-OMe and (b) for Sym-o-NO2. 
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Table S3 Multiple intermolecular C-H…π, C-H…O, and π…π interactions summarizations of 

stacking structures of Sym-o-OMe crystal and Sym-o-NO2 crystal 

 

17. Tricolor mechanofluorochromic behaviors of luminogens Sym-p-NMe2 and 

Sym-o-NO2 

 

Fig. S24 Normalized PL spectra and PL photographs under 365 nm UV light of Sym-p-NMe2 (a), 

Sym-o-NO2 (b) in various solid states. 

18. Copies of NMR spectra and HRMS spectra of 14 new Sym-Pos-R 

compounds 
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1H NMR spectrum of Sym-p-OMe 

 
13C NMR spectrum of Sym-p-OMe 

 
HRMS spectrum of Sym-p-OMe 
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1H NMR spectrum of Sym-m-OMe 

 
13C NMR spectrum of Sym-m-OMe 

 
HRMS spectrum of Sym-m-OMe 
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1H NMR spectrum of Sym-o-OMe 

 
13C NMR spectrum of Sym-o-OMe 

 
HRMS spectrum of Sym-o-OMe 
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1H NMR spectrum of Sym-p-NMe2 

 
13C NMR spectrum of Sym-p-NMe2 

 
HRMS spectrum of Sym-p-NMe2 
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1H NMR spectrum of Sym-m-NMe2 

 
13C NMR spectrum of Sym-m-NMe2 

 
HRMS spectrum of Sym-m-NMe2 
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1H NMR spectrum of Sym-o-NMe2 

 
13C NMR spectrum of Sym-o-NMe2 

 
HRMS spectrum of Sym-o-NMe2 
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1H NMR spectrum of Sym-p-CF3 

 
13C NMR spectrum of Sym-p-CF3 

 
HRMS spectrum of Sym-p-CF3 
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1H NMR spectrum of Sym-m-CF3 

 
13C NMR spectrum of Sym-m-CF3 

 
HRMS spectrum of Sym-m-CF3 
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1H NMR spectrum of Sym-p-NO2 

 
13C NMR spectrum of Sym-p-NO2 

 
HRMS spectrum of Sym-p-NO2 
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1H NMR spectrum of Sym-m-NO2 

 
13C NMR spectrum of Sym-m-NO2 

 
HRMS spectrum of Sym-m-NO2 
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1H NMR spectrum of Sym-o-NO2 

 
13C NMR spectrum of Sym-o-NO2 

 
HRMS spectrum of Sym-o-NO2 
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1H NMR spectrum of Sym-p-Cl 

 
13C NMR spectrum of Sym-p-Cl 

 
HRMS spectrum of Sym-p-Cl 
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1H NMR spectrum of Sym-m-Cl 

 
13C NMR spectrum of Sym-m-Cl 

 
HRMS spectrum of Sym-m-Cl 
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1H NMR spectrum of Sym-o-Cl 

 
13C NMR spectrum of Sym-o-Cl 

 
HRMS spectrum of Sym-o-Cl 
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