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1. General Information 

All the chemicals used in synthesis were of analytical purity and were used as received. Solvents 

were dried and distilled before used for synthesis.  

Analytical Measurements. All chemicals are analytically pure and used as received. NMR 

spectra were recorded on a Bruker 400 MHz spectrometer with CDCl3, DMSO-d6 as solvents and 

tetramethylsilane (TMS) as standard at 0.00 ppm. HRMS were measured with a G6224A 

(Aglient, U.S.). 

Spectroscopic Measurements. Absorption spectrum were recorded on an UV2550 UV−Vis 

spectrophotometer (Shimadzu, Japan). Fluorescence spectra were measured on an FS5 

spectrophotometer (Edinburgh Instruments, UK). Fluorescence lifetimes were measured with an 

OB920 luminescence lifetime spectrometer (Edinburgh Instruments, UK). The nanosecond 

transient absorption spectra were measured on LP920 laser flash photolysis spectrometer 

(Edinburgh Instruments Ltd., UK). Luminescence Quantum Yield were measured with an 

C13534-11 Quantaurus-QY Plus (Hamamatsu Photonics, Japan). 

Preparation of Sample Solution for Spectroscopic Measurements. The compound was 

dissolved in a small amount of solvent in a 5 mL volumetric flask and then toluene was added to 

get 5 mL solution (1.0  10−3
 M). 

Singlet Oxygen Quantum Yield (ΦΔ). 1,3-Diphenylisobenzofuran (DPBF) was used as 1O2 

scavenger and the 1O2 production was monitored by following the absorbance of DPBF at 414 

nm. A comparative method was used and was calculated according to the following equation (1) 

to determine the singlet oxygen quantum yield. 
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ΦΔ,nuk = ΦΔ,std(
Astd

Anuk
)(

Iunk

Istd
)(

ηunk

ηstd
)2    (1) 

In the above equation, unk and std indicate the unknown sample and the standard, respectively. 

Φ, A, m, and η represent the singlet oxygen quantum yield, absorbance at excitation wavelength, 

slope of the absorbance of DPBF changing over time, and refractive index of the solvent used for 

measurement, respectively. Optically matched solutions were used (the solutions of the sample 

and the standard should give the same absorbance at the excitation wavelength). Anthracene was 

used as standard (ΦΔ = 0.60in CH3CN). 
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2. Synthesis and Molecular Structure Characterization Data 

 

Scheme S1. Synthesis of the compounds. Reaction conditions: (i) Octyl amine, THF, 66 °C, 16 

h ; (ii) Zn, NH4Cl, CH3OH/H2O, 45 °C, 24 h ; (iii) Alloxan, boric acid,acetic acid glacial, 70 °C, 

3 h ; (iv) Alloxan, boric acid, acetic acid glacial,25 °C, 12 h . 

Synthesis of the compound 2: Compound 1 (219 mg, 1 mmol) was dissolved in a round-

bottomed flask of tetrahydrofuran THF (40 ml). N-octylamine (1.2 ml, 6 mmol) and 

triethylamine (0.3 ml) were added with a syringe under nitrogen atmosphere. The reaction 

mixture was stirred at 66 ℃ for 16 h. At the end of the reaction, the crude product was purified 

by vacuum concentration and silica gel chromatography. The eluent was dichloromethane 

methane and petroleum ether (v/v=1:3), and the orange-yellow product 2 was obtained with the 

weight of 312 mg and the yield of 95.2%. 1H NMR (400 MHz, CDCl3) :  0.85-0.95 (m, 3 H), 

1.22-1.42(m, 11 H), 1.57-1.69 (m, 2 H), 3.28 (2 H, t, J = 7.07 Hz), 6.70 (t, J = 8.07 Hz, 1 H), 

7.70 (dd, J = 7.75, 1.50 Hz, 1 H), 7.90 (dd, J=8.38, 1.50 Hz, 1 H).  
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Synthesis of the compound MB-FL: Compound 2 (275.5 mg, 0.84 mmol) was dissolved in a 

mixture of methanol-water (v/v=2:1), and zinc powder (274 mg, 4.2 mmol) and NH4Cl (456 mg, 

8.2 mmol) were slowly added under the conditions of ice bath and nitrogen. The reaction was 

placed under 45 ℃ and nitrogen atmosphere for 24 h. The insoluble impurities were removed by 

vacuum filtration at the end of the reaction, and the pH of the solution was adjusted to neutral 

using NaHCO3. Dichloromethane is then used for extraction and decompression concentration to 

obtain crude product 3.  

The crude product 3 (100 mg), boric acid (21.3 mg) and alloxouracil (60.6 mg) were dissolved in 

an appropriate amount of glacial acetic acid and stirred for 3 h at 70 ℃. At the end of the 

reaction, the insoluble impurities are removed by filtration to obtain the crude product. The 

glacial acetic acid in the crude product was removed using a rotary evaporator and 

dichloromethane was added. The crude product was purified by silica gel chromatography. The 

eluent was dichloromethane and methanol (v/v=40:1), and the orange product was 49 mg (yield 

36%). 1H NMR (400 MHz, DMSO-d6) :  0.84-0.88 (m, 3 H), 1.27 (br. S., 10 H), 1.88 (br. S., 2 

H), 4.86 (br. S., 2 H), 7.51 (t, J = 7.88 Hz, 1 H), 8.13 (d, J = 8.00 Hz, 1 H), 8.24 (d, J = 7.63 Hz, 

1 H), 11.52 (s, 1 H). 13C NMR (101 MHz, DMSO-d6) :  14.40 (s, 1 C), 22.53 (s, 1 C), 26.28 (s, 

1 C), 28.64 (s, 1 C), 29.01 (s, 1 C), 29.12 (s, 1 C), 31.64 (s, 1 C), 48.06 (s, 1 C), 107.47 (s, 1, C), 

127.12 (s, 1 C), 132.44 (s, 1 C), 133.32 (s, 1 C), 137.69 (s, 1 C), 139.40 (s, 1 C), 142.52 (s, 1 C), 

152.58 (s, 1, C), 156.06 (s, 1 C), 159.89 (s, 1 C). ESI-TOF-HRMS ([C18H21BrN4O2+H]+) : 

Calculated value 405.0926, experimental value 405.0917. 

Synthesis of the compound Ph-FL: The crude product 4 (50 mg), boric acid (21.3 mg) and 

alloxouracil (60.6 mg) were dissolved in an appropriate amount of glacial acetic acid and stirred 

overnight at room temperature and pressure. At the end of the reaction, the insoluble impurities 
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are removed by filtration to obtain the crude product. The glacial acetic acid in the crude product 

was removed by a rotary evaporator and dichloromethane was added. The crude product was 

purified by silica gel chromatography. The eluent was dichloromethane methane and methanol 

(v/v=40:1) to obtain a bright yellow product of 70.9 mg (90% yield). 1H NMR (400 MHz, 

DMSO-d6) :  6.76 (d, J = 8.25 Hz, 1 H), 7.44 (d, J = 7.25 Hz, 2 H), 7.61 7.77 (m, 6 H), 8.20 (dd, 

J = 8.13, 1.25 Hz, 1 H), 11.42 (s, 1 H). 13C NMR (101 MHz, DMSO-d6) :  14.40 (s, 1 C), 22.53 

(s, 1 C), 26.28 (s, 1 C), 28.64 (s, 1 C), 29.01 (s, 1 C), 29.12 (s, 1 C), 31.64 (s, 1 C), 48.06 (s, 1 C), 

107.47 (s, 1 C), 127.12 (s, 1 C), 132.44 (s, 1 C), 133.32 (s, 1 C), 137.69 (s, 1 C), 139.40 (s, 1 C), 

142.52 (s, 1 C), 152.58 (s, 1 C), 156.06 (s, 1 C), 159.89 (s, 1 C). ESI-TOF-HRMS ([C16H10N4O2-

H]-) : Calculated value 289.0726, experimental value 289.0732. 
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3. Optimization of Reaction Conditions 

Table S3-1 Optimization of reaction conditions for MB-FL sensitized photooxidative coupling of 

benzylamines for synthesis of imines.a,b 

Entry Sensitizer 

Sensitizer 

Concentration 

(mol %) 

Duration 

(h) 
Solvent Yield (%) 

1 MB-FL 0.5 9 DCM 42 

2 MB-FL 0.5 9 MeCN 75 

3 MB-FL 0.5 9 MeOH 40 

4 MB-FL 0.5 9 MeCN:MeOH 67 

5 MB-FL 0.5 9 MeCN:H2O 86 

6 MB-FL 0.5 3 MeCN:H2O 63 

7 MB-FL 0.5 5 MeCN:H2O 76 

8 MB-FL 0.5 7 MeCN:H2O 80 

9 MB-FL 0.5 11 MeCN:H2O 90 

10 None None 9 MeCN:H2O 0 

11 MB-FL 0.5 9 MeCN:H2O, No light 0 

12 MB-FL 0.5 9 MeCN:H2O, No O2 0 

a Benzylamine (0.2 mmol) as substrate, the light wavelength was 451 nm, the light intensity was 

1400 W/m2. Further experimental details and 1H-NMR of product mixtures were included in the 

Supporting Information. b. The composition of mixed MeCN /MeOH, DCM/MeOH and MeCN 

/H2O solvents are v:v = 9:1, otherwise specified. 
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Table S3-2 Optimization of reaction conditions for Ph-FL sensitized photooxidative coupling of 

benzyl amines for synthesis of imines.a,b 

Entry Sensitizer 

Sensitizer 

Concentration 

(mol %) 

Duration 

(h) 
Solvent Yield (%) 

1 Ph -FL 0.5 9 MeOH 8 

2 Ph -FL 0.5 9 MeCN 53 

3 Ph -FL 0.5 9 DCM 26 

4 Ph -FL 0.5 9 MeCN:MeOH 28 

5 Ph -FL 0.5 9 MeCN:H2O 14 

6 Ph -FL 0.5 3 MeCN 35 

7 Ph -FL 0.5 5 MeCN 40 

8 Ph -FL 0.5 7 MeCN 44 

9 Ph -FL 0.5 11 MeCN 58 

10 None None 9 MeCN 0 

11 Ph -FL 0.5 9 MeCN, No light 0 

12 Ph -FL 0.5 9 MeCN, No O2 0 

a Benzylamine (0.2 mmol) as substrate, the light wavelength was 451 nm, the light intensity was 

1400 W/m2. Further experimental details and 1H-NMR of product mixtures were included in the 

Supporting Information. b. The composition of mixed MeCN /MeOH and MeCN /H2O solvents 

are v:v = 9:1, unless specified explicitly. 
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4. NMR and HRMS spectra 

 

Figure S4-1. MS spectrum of 2. 

 

Figure S4-2. HRMS spectrum of MB-FL. 
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Figure S4-3. HRMS spectrum of Ph-FL. 
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Figure S4-4. 1H NMR spectrum of MB-FL (400 MHz, DMSO-d6), 25 °C. 
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Figure S4-5. 1H NMR spectrum of Ph-FL (400 MHz, DMSO-d6), 25 °C. 
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Figure S4-6. 1H NMR spectrum of 2 (400 MHz, CDCl3), 25 °C. 
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Figure S4-7. 13C NMR spectrum of 2 (101 MHz, DMSO-d6), 25 °C. 
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Figure S4-8. 13C NMR spectrum of 2 (101 MHz, DMSO-d6), 25 °C. 

 

 

 

Figure S4-9. GC-MS spectra of benzoylamine catalyzed by FL photocatalysis.  
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Figure S4-10.1H NMR(CDCl3,400 MHz),Photosensitizer:FL(0.2 mol%),Reaction solvent: 

CH3CN,Reaction time:9 h,Yield:43 %. 
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Figure S4-11.1H NMR(CDCl3,400MHz), Photosensitizer:FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time:9 h, Yield: 67 %. 
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Figure S4-12.1H NMR(CDCl3, 400 MHz), Photosensitizer: FL(1 mol%), Reaction solvent: 

CH3CN, Reaction time: 9 h, Yield: 70 %. 
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Figure S4-13.1H NMR(CDCl3,400 MHz),Photosensitizer:FL(0.5 mol%) ,Reaction solvent: 

CH3OH,Reaction time:9 h,Yield:30 %. 
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Figure S4-14.1H NMR(CDCl3,400 MHz),Photosensitizer:FL(0.5 mol%),Reaction solvent: 

CH2Cl2,Reaction time:9 h,Yield:24 %. 
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Figure S4-15.1H NMR(CDCl3, 400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN: CH3OH=9:1 (v:v), Reaction time:9 h, Yield:48 %. 
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Figure S4-16.1H NMR(CDCl3,400 MHz),Photosensitizer:FL(0.5 mol%), Reaction solvent: 

CH3CN:H2O = 9:1(v:v), Reaction time: 9 h,Yield: 63 %. 
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Figure S4-17.1H NMR(CDCl3, 400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time: 3 h, Yield: 48 %. 
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Figure S4-18.1H NMR(CDCl3,400 MHz), Photosensitizer:FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time:5 h, Yield:55 %. 
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Figure S4-19.1H NMR(CDCl3, 400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time:7 h, Yield: 61 %. 
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Figure S4-20.1H NMR(CDCl3,400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time:11 h,Yield:70 %. 
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Figure S4-21.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH2Cl2,Reaction time: 9 h, Yield: 42 %. 
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Figure S4-22.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN,Reaction time:9 h,Yield:75 %. 
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Figure S4-23.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3OH, Reaction time: 9 h,Yield: 40 %. 
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Figure S4-24.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN: CH3OH = 9:1(v:v), Reaction time: 9 h, Yield: 67 %. 
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Figure S4-25.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time: 9 h, Yield: 86 %. 
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Figure S4-26.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time: 3 h, Yield: 63 %. 
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Figure S4-27.1H NMR(CDCl3, 400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN: H2O = 9:1(v:v), Reaction time: 5 h, Yield: 76 %. 

 

 

 



 S19 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

0.040.08

0
.0

3

0
.9

1

1
.2

9

2
.0

3

3
.9

1

4
.8

6

7
.2

8
7
.3

0
7
.3

5
7
.3

7
7
.3

8
7
.4

4
7
.4

5

7
.8

1
7
.8

1
7
.8

2
8
.4

3

 

Figure S4-28.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN: H2O = 9:1(v:v), Reaction time: 7 h, Yield: 80 %. 
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Figure S4-29.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time:11 h, Yield: 90 %. 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

3.7510.00

0
.0

5

2
.8

8

3
.9

1

4
.8

7

7
.2

9
7
.3

0
7
.3

6
7
.3

8
7
.3

9
7
.4

6
7
.8

2
7
.8

3
7
.8

3
8
.4

3

 

Figure S4-30.1H NMR(CDCl3, 400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3OH, Reaction time: 7 h, Yield: 84 %. 
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Figure S4-31.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time:7 h, Yield:94 %. 
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Figure S4-32.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH2Cl2, Reaction time: 7 h, Yield: 46 %. 
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Figure S4-33.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN: CH3OH=9:1(v:v), Reaction time: 7 h,Yield: 92 %. 
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Figure S4-34. 1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 7 h, Yield: 100 %. 
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Figure S4-35.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time:1 h, Yield: 40 %. 
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Figure S4-36.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 3 h, Yield: 72 %. 
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Figure S4-37.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time:5 h, Yield:91 %. 
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Figure S4-38. 1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 9 h, Yield: 100 %. 
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Figure S4-39. 1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3OH, Reaction time: 9 h, Yield: 8 %. 
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Figure S4-40.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 9 h, Yield: 53 %. 
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Figure S4-41.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH2Cl2, Reaction time: 9 h, Yield:26 %. 
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Figure S4-42.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN:CH3OH = 9:1 (v:v), Reaction time: 9 h, Yield: 28 %. 
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Figure S4-43.1H NMR(CDCl3,400 MHz),Photosensitizer:Ph-FL (0.5 mol%), Reaction solvent: 

CH3CN:H2O = 9:1(v:v), Reaction time: 9 h, Yield: 14 %. 
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Figure S4-44.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 3 h, Yield: 35 %. 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

1.000.34

0
.0

4

2
.8

7

3
.8

9

4
.8

6

7
.2

8
7
.3

5
7
.3

7
7
.4

5
7
.8

1
7
.8

2

8
.4

2

 

Figure S4-45.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time:5 h, Yield:40 %. 
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Figure S4-46.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 7 h, Yield: 44 %. 
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Figure S4-47.1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 11 h, Yield: 58 %. 
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Figure S4-48. 1H NMR(CDCl3,400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time: 9 h, Yield: 50 %. 
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Figure S4-49.1H NMR(CDCl3,400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time: 9 h, Yield: 50 %. 
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Figure S4-50.1H NMR(CDCl3,400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time: 9 h, Yield: 62 %. 
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Figure S4-51.1H NMR(CDCl3,400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time: 9 h, Yield: 74 %. 
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Figure S4-52.1H NMR(CDCl3,400 MHz), Photosensitizer: FL(0.5 mol%), Reaction solvent: 

CH3CN, Reaction time: 9 h, Yield: 43 %. 
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Figure S4-53.1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 9 h, Yield: 66 %. 
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Figure S4-54. 1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time:9 h, Yield: 79 %. 
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Figure S4-55. 1H NMR(CDCl3, 400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time:9 h, Yield:81 %. 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

1.004.03

0
.0

3
0
.1

1

1
.2

9

1
.9

9
2
.0

1
2
.0

9
2
.3

3
2
.3

5
2
.3

6
2
.3

8
2
.4

1

3
.8

4

4
.7

9

7
.1

4
7
.1

6
7
.1

8
7
.2

1
7
.2

3
7
.2

5
7
.2

8

7
.6

8
7
.7

0

8
.3

6

 

Figure S4-56. 1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time: 9 h, Yield: 89 %. 
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Figure S4-57. 1H NMR(CDCl3,400 MHz), Photosensitizer: MB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 9 h, Yield:73 %. 
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Figure S4-58.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 5 h, Yield: 74 %. 
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Figure S4-59. 1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O=9:1(v:v), Reaction time: 5 h, Yield: 87 %. 
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Figure S4-60. 1H NMR (CDCl3,400 MHz), Photosensitizer:DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time: 5 h, Yield: 85 %. 
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Figure S4-61.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1 (v:v), Reaction time: 5 h, Yield: 87 %. 
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Figure S4-62. 1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CH3CN:H2O = 9:1(v:v), Reaction time:5 h, Yield: 81 %. 
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Figure S4-63. 1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 9 h, Yield: 41 %. 
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Figure S4-64. 1H NMR (CDCl3,400 MHz), Photosensitizer:Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 9 h, Yield:48 %. 
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Figure S4-65. 1H NMR (CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 9 h, Yield: 60 %. 
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Figure S4-66. 1H NMR (CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 9 h, Yield: 60 %. 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

1.000.37

0
.0

2

3
.2

8

3
.9

2

4
.9

0

7
.0

5
7
.0

8
7
.1

1
7
.1

3
7
.1

5
7
.2

6
7
.2

8
7
.3

3
7
.3

3
7
.4

2

8
.0

5
8
.0

5
8
.7

5

 

Figure S4-67. 1H NMR(CDCl3,400 MHz), Photosensitizer: Ph-FL (0.5 mol%), Reaction 

solvent: CH3CN, Reaction time: 9 h, Yield: 43 %. 
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Figure S4-68. 1H NMR (CDCl3, 400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

DABCO(0.5 mol%), Reaction solvent: CH3CN, Reaction time:9 h, Yield: 48 %. 
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Figure S4-69. 1H NMR(CDCl3,400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

BQ(0.5 mol%), Reaction solvent: CH3CN, Reaction time: 9 h, Yield: 52 %. 
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Figure S4-70. 1H NMR(CDCl3,400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

TEMPO(15 mol%), Reaction solvent: CH3CN, Reaction time: 9 h, Yield: 41 %. 
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Figure S4-71. 1H NMR(CDCl3,400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

BHT(15 mol%), Reaction solvent: CH3CN, Reaction time:9 h, Yield: 65 %. 
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Figure S4-72. 1H NMR(CDCl3,400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

DDUN(15 mol%), Reaction solvent: CH3CN, Reaction time: 9 h, Yield: 66 %. 
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Figure S4-73. 1H NMR (CDCl3, 400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

AgNO3(0.5 mol%), Reaction solvent: CH3CN, Reaction time:9 h, Yield: 61 %. 
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Figure S4-74. 1H NMR (CDCl3,400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

AgNO3(15 mol%), Reaction solvent: CH3CN, Reaction time:9 h, Yield: 30 %. 
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Figure S4-75. 1H NMR (CDCl3,400 MHz), Photosensitizer: FL (0.5 mol%), Trapping agent: 

AgNO3(25 mol%), Reaction solvent: CH3CN, Reaction time: 9 h, Yield: 24 %. 
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Figure S4-76.1H NMR(CDCl3,400 MHz),Photosensitizer:Ph-FL (0.5 mol%),Trapping 

agent:AgNO3(25 mol%),Reaction solvent: CH3CN,Reaction time:9 h,Yield:10 %. 

 

8 7 6 5 4 3 2 1 0

Chemical Shift (ppm)

0.110.04

0
.0

2

1
.2

8

2
.8

6

3
.8

5

4
.8

5

7
.2

8
7
.3

0
7
.3

2
7
.3

3
7
.3

6
7
.3

7
7
.4

4
7
.4

6
7
.8

0
7
.8

0

8
.4

4

 

Figure S4-77.1H NMR(CDCl3,400 MHz),Photosensitizer:MB-FL (0.5 mol%),Trapping 

agent:AgNO3(25 mol%), Reaction solvent: CH3CN,Reaction time:9 h,Yield:42 %. 
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Figure S4-78.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%),Trapping 

agent:AgNO3(25 mol%), Reaction solvent: CH3CN：H2O=9:1(v:v),Reaction time:5 

h,Yield:32 %. 

 

 

Figure S4-79.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CD3CN：H2O=9:1(v:v),Reaction time:3 h,Yield:94.4 %. 
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Figure S4-80.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%), Reaction 

solvent: CD3CN：H2O=9:1(v:v),Reaction time:5 h,Yield:97.9 %. 

 

 
 

Figure S4-81.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%),Trapping 

agent:BQ, Reaction solvent: CH3CN：H2O=9:1(v:v),Reaction time:5 h,Yield:77.7 %. 
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Figure S4-82.1H NMR(CDCl3,400 MHz), Photosensitizer: DB-FL (0.5 mol%),Trapping 

agent:DABCO, Reaction solvent: CH3CN：H2O=9:1(v:v),Reaction time:5 h,Yield:63.4 %. 
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5. DFT/TD-DFT Results 

 

Theoretical Methods 

The electronic structure and photophysical properties of these sensitizers were investigated 

with Density Functional Theory (DFT) and Time-dependent (TD)-DFT based calculations. The 

alkyl groups in chromophores were simplified to –CH3. S0 structures of sensitizers were fully 

optimized with 6-311G(d) basis sets1-3 and B3LYP functional.4, 5 The impact of potential 

interactions with solvents to electronic structure of sensitizers were treated with Polarizable 

Continuum Model (PCM).6-8 Structures of sensitizers at S1 and Tn were obtained by relaxation 

with TD-DFT calculations based on the S0 structures. These calculations were performed with 

Gaussian 16.9 The Tn to S0 transition dipole moments were evaluated with quadratic response 

function10-12 and the spin−orbit coupling constants were calculated with Dalton with effective 

single electron approximation in linear response theory.13-15 With the electronic structure of 

sensitizers at S0 and excited states, photophysical properties of these FLPSs were investigated 

within the Thermal Vibration Correlation Function (TVCF) formalism as implemented in 

MOMAP.16-20  
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Table S5-1. Electronic transitions involved in the excitation of FL. 

FL Energy f Composition CI Character 

S0→S1 3.0227 eV/410.18 nm 0.2152 59 → 60 0.69596 π→π*,n→π* 

S0→S2 3.3227 eV/373.14 nm 0.0008 56 → 60 

57 → 60 

0.50597 

0.48175 

n→π* 

n→π* 

S0→S3 3.4569 eV/358.66 nm 0.0001 54 → 60 

56 → 60 

57 → 60 

0.11469 

0.48106 

0.49542 

n→π* 

n→π* 

n→π* 

S0→S4 3.7649 eV/329.32 nm 0.1846 58 → 60 

59 → 61 

0.68108 

0.14557 

π→π*,n→π* 

π→π*,n→π* 

S0→S5 4.1391 eV/299.54 nm 0.0000 54 → 60 

57 → 60 

0.68091 

0.11805 

n→π* 

n→π* 

S0→S6 4.2073 eV/294.69 nm 0.0121 55 → 60 

59 → 61 

0.68296 

0.13590 

π→π*,n→π* 

π→π*,n→π* 

S0→S7 4.6715 eV/265.41 nm 0.0004 52 → 60 

56 → 61 

0.68362 

0.13155 

n→π* 

n→π* 

S0→S8 4.8343 eV/256.47 nm 0.0407 53 → 60 

58 → 61 

0.64940 

0.23530 

π→π*,n→π* 

π→π*,n→π* 

S0→S9 4.8870 eV/253.70 nm 0.7327 55 → 60 

58 → 60 

59 → 61 

0.15071 

0.11478 

0.65739 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S10 5.2148 eV/237.75 nm 0.0003 52 → 60 

56 → 61 

57 → 61 

0.12260 

0.59739 

0.33662 

n→π* 

n→π* 

n→π* 

S0→T1 2.1524 eV/576.04 nm 0.0000 58 → 60 

59 → 60 

0.10512 

0.69490 

π→π*,n→π* 

π→π*,n→π* 

S0→T2 2.7564 eV/449.80 nm 0.0000 58 → 60 

58 → 62 

59 → 60 

59 → 61 

0.65690 

0.14210 

0.10191 

0.13926 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T3 2.8757 eV/431.15 nm 0.0000 52 → 60 

56 → 60 

57 → 60 

0.20097 

0.59844 

0.29162 

n→π* 

n→π* 

n→π* 

S0→T4 3.2381 eV/382.90 nm 0.0000 54 → 60 

56 → 60 

57 → 60 

0.17148 

0.27731 

0.60567 

n→π* 

n→π* 

n→π* 

S0→T5 3.5826 eV/346.07 nm 0.0000 55 → 60 

55 → 63 

58 → 60 

59 → 61 

0.61066 

0.12514 

0.11312 

0.27992 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 
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Table S5-2. Electronic transitions involved in the excitation of MB-FL. 

MB-FL Energy f Composition CI Character 

S0→S1 2.9397 eV/421.76 nm 0.1266 75 → 77 

76 → 77 

0.13109 

0.68714 

π→π*,n→π* 

π→π*,n→π* 

S0→S2 3.3054 eV/375.10 nm 0.0036 73 → 77 

74 → 77 

0.49011 

0.49515 

n→π* 

n→π* 

S0→S3 3.4376 eV/360.67 nm 0.0678 73 → 77 

74 → 77 

75 → 77 

0.40367 

0.38758 

0.40088 

n→π* 

n→π* 

π→π*,n→π* 

S0→S4 3.4741 eV/356.88 nm 0.1751 73 → 77 

74 → 77 

75 → 77 

76 → 77 

76 → 78 

0.28775 

0.28474 

0.54711 

0.10919 

0.11555 

n→π* 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S5 4.1196 eV/300.97 nm 0.0004 70 → 77 

71 → 77 

74 → 77 

0.57012 

0.37398 

0.10777 

n→π* 

n→π* 

n→π* 

S0→S6 4.1836 eV/296.36 nm 0.0128 72 → 77 

76 → 78 

0.67538 

0.15217 

n→π* 

n→π* 

S0→S7 4.3292 eV/286.39 nm 0.0014 67 → 77 

70 → 77 

71 → 77 

0.11551 

0.36602 

0.58022 

n→π* 

n→π* 

n→π* 

S0→S8 4.6399 eV/267.22 nm 0.3621 68 → 77 

72 → 77 

75 → 78 

75 → 79 

76 → 78 

76 → 79 

76 → 80 

0.15420 

0.14294 

0.11895 

0.11391 

0.59254 

0.17905 

0.13154 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S9 4.6985 eV/263.88 nm 0.0289 67 → 77 

68 → 77 

69 → 77 

73 → 78 

75 → 78 

76 → 78 

76 → 79 

0.45904 

0.26507 

0.30763 

0.12149 

0.22353 

0.14921 

0.10128 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S10 4.7571 eV/260.63 nm 0.0106 67 → 77 

68 → 77 

69 → 77 

75 → 78 

76 → 79 

0.34442 

0.17458 

0.39535 

0.38672 

0.12618 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T1 2.1377 eV/579.99 nm 0.0000 75 → 77 

76 → 77 

0.20247 

0.67195 

π→π*,n→π* 

π→π*,n→π* 

S0→T2 2.5405 eV/488.03 nm 0.0000 68 → 77 

75 → 77 

0.13567 

0.63261 

π→π*,n→π* 

π→π*,n→π* 
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75 → 79 

76 → 77 

76 → 78 

0.11344 

0.19607 

0.10225 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T3 2.8707 eV/431.89 nm 0.0000 67 → 77 

73 → 77 

74 → 77 

0.17473 

0.57454 

0.33942 

n→π* 

n→π* 

n→π* 

S0→T4 3.2265 eV/384.27 nm 0.0000 70 → 77 

73 → 77 

74 → 77 

0.15251 

0.32735 

0.58236 

n→π* 

n→π* 

n→π* 

S0→T5 3.5256 eV/351.66 nm 0.0000 72 → 77 

75 → 77 

75 → 79 

76 → 78 

0.46177 

0.13015 

0.10437 

0.46178 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 
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Table S5-3. Electronic transitions involved in the excitation of DB-FL. 

DB-FL Energy f Composition CI Character 

S0→S1 2.9061 eV/426.64 nm 0.2562 93 → 94 0.69605 π→π*,n→π* 

S0→S2 3.2895 eV/376.91 nm 0.0007 90 → 94 

91 → 94 

0.45975 

0.52471 

n→π* 

n→π* 

S0→S3 3.4127 eV/363.31 nm 0.0001 86 → 94 

90 → 94 

91 → 94 

0.10528 

0.52556 

0.44948 

n→π* 

n→π* 

n→π* 

S0→S4 3.6065 eV/343.78 nm 0.2527 92 → 94 

93 → 95 

0.68436 

0.12714 

π→π*,n→π* 

π→π*,n→π* 

S0→S5 4.0742 eV/304.32 nm 0.0000 86 → 94 

88 → 94 

91 → 94 

0.62883 

0.27001 

0.11108 

n→π* 

n→π* 

n→π* 

S0→S6 4.0924 eV/302.96 nm 0.0057 87 → 94 

89 → 94 

0.52915 

0.45640 

n→π* 

π→π*,n→π* 

S0→S7 4.1394 eV/299.52 nm 0.0000 86 → 94 

88 → 94 

0.26423 

0.65064 

n→π* 

n→π* 

S0→S8 4.1701 eV/297.32 nm 0.0153 87 → 94 

89 → 94 

93 → 95 

0.43540 

0.51342 

0.16501 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S9 4.5884 eV/270.21 nm 0.0000 89 → 96 

93 → 96 

0.13368 

0.69182 

π→π*,n→π* 

π→π*,n→π* 

S0→S10 4.6606 eV/266.03 nm 0.0004 83 → 94 

85 → 94 

90 → 95 

0.65622 

0.18944 

0.13568 

n→π* 

n→π* 

n→π* 

S0→T1 2.0857 eV/594.45 nm 0.0000 93 → 94 0.69106 π→π*,n→π* 

S0→T2 2.6797 eV/462.67 nm 0.0000 84 → 94 

92 → 94 

92 → 97 

93 → 95 

0.14042 

0.64343 

0.13561 

0.15148 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T3 2.8770 eV/430.95 nm 0.0000 83 → 94 

90 → 94 

91 → 94 

0.19213 

0.59319 

0.30431 

n→π* 

n→π* 

n→π* 

S0→T4 3.1872 eV/389.00 nm 0.0000 86 → 94 

90 → 94 

91 → 94 

0.16812 

0.29058 

0.59944 

n→π* 

n→π* 

n→π* 

S0→T5 3.4906 eV/355.20 nm 0.0000 87 → 94 

89 → 94 

92 → 94 

93 → 95 

0.40901 

0.32527 

0.11877 

0.42272 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 
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Table S5-4. Electronic transitions involved in the excitation of Ph-FL. 

Ph-FL Energy f Composition CI Character 

S0→S1 3.0223 eV/410.23 nm 0.2141 75 → 76 0.69440 π→π*,n→π* 

S0→S2 3.2805 eV/377.94 nm 0.0006 70 → 76 

72 → 76 

74 → 76 

0.38996 

0.45592 

0.36410 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

S0→S3 3.3792 eV/366.91 nm 0.0000 68 → 76 

72 → 76 

74 → 76 

0.11760 

0.47665 

0.49177 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S4 3.6278 eV/341.76 nm 0.0818 73 → 76 0.69305 π→π*,n→π* 

S0→S5 3.7189 eV/333.39 nm 0.0003 70 → 76 

72 → 76 

74 → 76 

0.56842 

0.22251 

0.34254 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

S0→S6 3.7974 eV/326.50 nm 0.1195 71 → 76 

75 → 77 

0.68816 

0.11349 

π→π*,n→π* 

π→π*,n→π* 

S0→S7 4.1396 eV/299.51 nm 0.0000 68 → 76 0.67877 n→π* 

S0→S8 4.1978 eV/295.35 nm 0.0131 69 → 76 

75 → 77 

0.68349 

0.13401 

n→π* 

π→π*,n→π* 

S0→S9 4.6988 eV/263.87 nm 0.0002 66 → 76 

70 → 77 

74 → 77 

0.67118 

0.10706 

0.10839 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S10 4.8520 eV/255.53 nm 0.2252 67 → 76 

71 → 77 

73 → 77 

75 → 77 

0.56461 

0.13175 

0.17685 

0.33909 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T1 2.1429 eV/578.58 nm 0.0000 75 → 76 0.69244 π→π*,n→π* 

S0→T2 2.7509 eV/450.71 nm 0.0000 71 → 76 

73 → 76 

75 → 76 

75 → 77 

0.43977 

0.48775 

0.11713 

0.12672 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T3 2.8421 eV/436.25 nm 0.0000 66 → 76 

70 → 76 

72 → 76 

74 → 76 

0.18655 

0.47385 

0.39268 

0.26266 

π→π*,n→π* 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

S0→T4 3.1972 eV/387.79 nm 0.0000 68 → 76 

70 → 76 

72 → 76 

74 → 76 

0.17012 

0.15968 

0.49924 

0.41784 

n→π* 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

S0→T5 3.5620 eV/348.08 nm 0.0000 69 → 76 

69 → 81 

73 → 76 

75 → 77 

0.59168 

0.12104 

0.16351 

0.29034 

n→π* 

n→π* 

π→π*,n→π* 

π→π*,n→π* 
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Table S5-5. Electronic transitions involved in the excitation of DB-FL calculated at CAM-

B3LYP/6-311G(d) level of theory. 

DB-FL Energy f Composition CI Character 

S0→S1 3.3450 eV/370.65 nm 0.4102 93 → 94 0.69392 π→π*,n→π* 

S0→S2 3.7020 eV/334.92 nm 0.0014 83 → 94 

90 → 94 

91 → 94 

0.17031 

0.54959 

0.37803 

n→π* 

n→π* 

n→π* 

S0→S3 4.1409 eV/299.42 nm 0.0000 86 → 94 

86 → 98 

90 → 94 

91 → 94 

91 → 98 

0.27013 

0.10753 

0.34727 

0.49646 

0.12821 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

S0→S4 4.2374 eV/292.59 nm 0.2240 92 → 94 

93 → 95 

0.67046 

0.15901 

π→π*,n→π* 

π→π*,n→π* 

S0→S5 4.8750 eV/254.32 nm 0.1365 82 → 94 

87 → 94 

89 → 94 

92 → 95 

93 → 95 

93 → 97 

0.12842 

0.47370 

0.28411 

0.13935 

0.34286 

0.14371 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S6 4.9859 eV/248.67 nm 0.0000 83 → 94 

86 → 94 

86 → 100 

90 → 94 

90 → 95 

91 → 94 

91 → 95 

91 → 100 

0.22099 

0.51583 

0.10783 

0.16092 

0.13439 

0.20102 

0.16261 

0.10466 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

S0→S7 5.1049 eV/242.87 nm 0.4649 89 → 94 

92 → 94 

92 → 95 

93 → 95 

93 → 97 

0.41954 

0.18163 

0.11627 

0.46674 

0.17089 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S8 5.1560 eV/240.47 nm 0.0001 83 → 94 

86 → 94 

90 → 95 

90 → 98 

91 → 94 

91 → 95 

0.54052 

0.20740 

0.24472 

0.11480 

0.10575 

0.14850 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

S0→S9 5.1879 eV/238.99 nm 0.5425 87 → 94 

89 → 94 

92 → 95 

93 → 95 

93 → 97 

0.50182 

0.29694 

0.14696 
0.32555 

0.10585 

n→π* 

π→π*,n→π* 

π→π*,n→π* 
π→π*,n→π* 

π→π*,n→π* 
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S0→S10 5.2890 eV/234.42 nm 0.0001 89 → 94 

93 → 96 

0.31195 

0.61391 

π→π*,n→π* 

π→π*,n→π* 

S0→T1 2.2529 eV/550.32 nm 0.0000 89 → 94 

92 → 94 

93 → 94 

0.12909 

0.19278 

0.64457 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T2 2.8423 eV/436.21 nm 0.0000 84 → 94 

92 → 94 

92 → 97 

93 → 94 

93 → 95 

0.16780 

0.53188 

0.20812 

0.20711 

0.27116 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T3 3.1216 eV/397.18 nm 0.0000 83 → 94 

90 → 94 

91 → 94 

0.26676 

0.52929 

0.32157 

n→π* 

n→π* 

n→π* 

S0→T4 3.7751 eV/328.42 nm 0.0000 89 → 94 

92 → 94 

93 → 94 

93 → 95 

0.22791 

0.26179 

0.10752 

0.55719 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T5 3.8117 eV/325.27 nm 0.0000 86 → 94 

86 → 98 

90 → 94 

91 → 94 

91 → 98 

0.29286 

0.14513 

0.26990 

0.49905 

0.16704 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 
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Table S5-6. Electronic transitions involved in the excitation of DB-FL calculated at ωB97XD/6-

311G(d) level of theory. 

DB-FL Energy f Composition CI Character 

S0→S1 3.3367 eV/371.58 nm 0.4101 93 → 94 0.69084 π→π*,n→π* 

S0→S2 3.6665 eV/338.15 nm 0.0013 83 → 94 

90 → 94 

91 → 94 

0.16729 

0.57318 

0.34299 

n→π* 

n→π* 

n→π* 

S0→S3 4.1161 eV/301.22 nm 0.0000 86 → 94 

86 → 98 

90 → 94 

91 → 94 

91 → 98 

0.28907 

0.10694 

0.31115 

0.50901 

0.12887 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

S0→S4 4.2646 eV/290.73 nm 0.2252 84 → 98 

92 → 94 

93 → 95 

0.10718 

0.66427 

0.16150 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S5 4.8725 eV/254.46 nm 0.1149 82 → 94 

87 → 94 

89 → 94 

92 → 95 

93 → 95 

93 → 97 

0.14158 

0.48250 

0.26198 

0.15153 

0.32597 

0.16293 

π→π*,n→π* 

n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S6 5.0009 eV/247.92 nm 0.0001 83 → 94 

86 → 94 

90 → 94 

90 → 95 

91 → 94 

91 → 95 

91 → 100 

0.29281 

0.47262 

0.16543 

0.15741 

0.20459 

0.15122 

0.10478 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

S0→S7 5.1294 eV/241.71 nm 0.5358 89 → 94 

92 → 94 

92 → 95 

93 → 95 

93 → 97 

0.36396 

0.19281 

0.12203 

0.48566 

0.20350 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→S8 5.1507 eV/240.71 nm 0.0001 83 → 94 

86 → 94 

90 → 95 

90 → 98 

91 → 94 

91 → 95 

0.50632 

0.26909 

0.23037 

0.11020 

0.13372 

0.15959 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

S0→S9 5.2000 eV/238.43 nm 0.5084 87 → 94 

89 → 94 

92 → 95 

93 → 95 

93 → 97 

0.48516 

0.31279 

0.16389 
0.30926 

0.13271 

n→π* 

π→π*,n→π* 

π→π*,n→π* 
π→π*,n→π* 

π→π*,n→π* 
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S0→S10 5.3921 eV/229.94 nm 0.0001 89 → 96 

93 → 96 

0.34049 

0.59605 

π→π*,n→π* 

π→π*,n→π* 

S0→T1 2.2860 eV/542.37 nm 0.0000 89 → 94 

92 → 94 

93 → 94 

0.13161 

0.16136 

0.65347 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T2 2.9297 eV/423.19 nm 0.0000 84 → 94 

92 → 94 

92 → 97 

93 → 94 

93 → 95 

0.17652 

0.54959 

0.20292 

0.17391 

0.25630 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 

S0→T3 3.1354 eV/395.44 nm 0.0000 83 → 94 

90 → 94 

90 → 97 

91 → 94 

0.25735 

0.55100 

0.10185 

0.29505 

n→π* 

n→π* 

n→π* 

n→π* 

S0→T4 3.8120 eV/325.25 nm 0.0000 86 → 94 

86 → 98 

90 → 94 

91 → 94 

91 → 97 

91 → 98 

0.30763 

0.14162 

0.24253 

0.50691 

0.10150 

0.16529 

n→π* 

n→π* 

n→π* 

n→π* 

n→π* 

,n→π* 

S0→T5 3.8272 eV/323.96 nm 0.0000 89 → 94 

92 → 98 

93 → 95 

0.23036 

0.24300 

0.56472 

π→π*,n→π* 

π→π*,n→π* 

π→π*,n→π* 
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Table S5-7. Calculated spin-orbit coupling matrix elements of FLPSs (cm-1), between the 

emitting states and the perturbing states with different multiplicity, calculated as 

√(|〈𝑆0|𝐻𝑆𝑂|𝑇1,𝑥〉|
2
+ |〈𝑆0|𝐻𝑆𝑂|𝑇1,𝑦〉|

2
+ |〈𝑆0|𝐻𝑆𝑂|𝑇1,𝑧〉|

2
) /3  . 

FLPSs FL MB-FL 
 DB-FL Ph-FL 

S1→T1  1.27×10-3 4.01 0.26 4.84 

T1→S0  0.27 4.59 0.0056 0.36 
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Figure S5-1. Isosurface plots of frontier molecular orbitals of FL involved in electron transitions 

contribute to UV-vis absorption. (Isovalue: ±0.02 a.u.; C: Gray; O: Red; N: Blue; H: White.) 
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Figure S5-2. Isosurface plots of frontier molecular orbitals of DB-FL involved in electron 

transitions contribute to UV-vis absorption. (Isovalue: ±0.02 a.u.; C: Gray; O: Red; N: Blue; H: 

White.) 
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Figure S5-3. Isosurface plots of frontier molecular orbitals of MB-FL involved in electron 

transitions contribute to UV-vis absorption. (Isovalue: ±0.02 a.u.; C: Gray; O: Red; N: Blue; H: 

White.) 
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Figure S5-4. Isosurface plots of frontier molecular orbitals of Ph-FL involved in electron 

transitions contribute to UV-vis absorption. (Isovalue: ±0.02 a.u.; C: Gray; O: Red; N: Blue; H: 

White.) 
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Figure S5-5 The vibration resolved absorption(a) and emission (b) spectra of DB-FL calculated 

with B3LYP, CAM-B3LYP and ωB97XD functionals. 
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