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2.2.1.1

(1)

violanthrone 78 (V78)

violanthrone 79 (V79)

quinacridone (QA)

3,6-diphenyl-2,5-dihydropyrrolo [3,4-c] pyrrole-1,4-dione (DPP)  >98%

3,6-bis(4-chlorophenyl)-2,5-dihydropyrrolo[3,4c]pyrrole-1,4-dione (DPP-Cl)

3,6-bis(4-bromophenyl)-2,5-dihydropyrrolo[3,4c]pyrrole-1,4-dione (DPP-Br) 

16,17-dihydroxyviolanthrone (Hydvio) 

16,17-dioctanoyloxyviolanthrone (C8vio) 

16,17-diethyloyloxyviolanthrone (C3vio) 

polyvinyl alcohol  (PVA) SAJ n=1700

(2)  

tetrahydrofuran (THF)  min 99.5%  

N-methylpyrrolidone (NMP) >99%  

ethanol

2.2.1.2

2.1 violanthrone 78 (V78) tetrahydrofuran (THF) 

quinacridone (QA) 3,6-diphenyl-2,5-dihydropyrrolo [3,4-c] pyrrole-1,4-dione (DPP)

3,6-bis(4-chlorophenyl)-2,5-dihydropyrrolo[3,4c]pyrrole-1,4-dione (DPP-Cl) 3,6-bis(4-

bromophenyl)-2,5-dihydropyrrolo[3,4c]pyrrole-1,4-dione (DPP-Br) N-methylpyrrolidone 

(NMP) 1mM 10

 100 mL PVA 0.5 g 70 80

30 (5000 ppm) PVA

1000 ppm 100 ppm



PVA 5.0 ml 4.0 

ml 100 ppm PVA 1.0 ml 10 ppm PVA

V78 V79

QA DPP 

C8vio C3vio 

Hydvio 



2.1.

2.2.1.3

3,6-bis(4-bromophenyl)-2,5-dihydropyrrolo[3,4c]pyrrole-1,4-dione (DPP-Br) 1)

DPP (4.95 g; 0.0172 mol)  (25 g) 

13

19 h 42 ml 20 ml

30 min

265 ml 

100 mL

( : 88.8 % ) 

16,17-dihydroxyisoviolanthrone (Hydvio) 2)

violanthrone 513 mg 6 mL 80% H2SO4  55  4 h

833 mg 35  16.5 h

30 mL  15 mL 

299 mg 60  1 h

pH 7

( 296 mg) 

DPP-Cl DPP-Br 



16,17-dioctanoyloxyviolanthrone (C8vio) 3)

16,17-dihydroxyisoviolanthrone 106 mg  1.75 ml

0.09 ml 40 2 h 20 mL

( 47.8 mg) 

16,17-diethyloyloxyviolanthrone (C3vio) 3)

16,17-dihydroxyviolanthrone 44 mg 1 ml

0.1 ml 30 2 h

2.2.1.4

PVA 10 ml 20 ml

1500 rpm 0.1 ml

0.2 ml 800 nm

220 

nm 450 nm 800 nm 60

15

1 cm



2.3 

2.3.1 

2.3.1.1 violanthrone 78(V78) 

V78

70 %

40 %

V78

2.1

2.1. V78

2.2, 2.3 2.5 2.7 2.9 2.11 

(V78 THF

) 

 / mM 0.730 0.104 -

2.81 

0.733 0.728 0.751 

/ mL 

0.175 0.175 0.100 -

0.850 

0.175 0.175 

-1

2 2 2 1.5 - 15 2 

(

) 

 / 15 15 15 15 5 - 50 

 / vol% 40 40 40 40 40 

PVA / ppm 1 1 1 20 20 

 / rpm 

1500 1500 1500 1500 1200 

 / 60 60 60 60 60 

 / h 15 15 15 15 15 

2.13 2.15 2.17 2.19 2.21 

 / mM 0.775 0.728 0.751 0.775 0.775 



(V78 THF

)  / mL 

0.175 0.175 0.175 0.175 0.175 

-1

2 2 2 2 2 

(

) 

 / 

rpm 

 / 15 15 15 15 15 

 / vol% 0 - 55 40 40 40 40 

PVA / ppm 0 0.1 -

100 

20 1 1 

 1500 1500 300 -

1500 

1500 1500 

 / 60 60 60 25 - 70 60 

 / h 15 15 15 15 0 - 38 

2.2

J

absorbance

absorbance absorbance



2.2. V78

( : THF , : , : ) 

J

2.3

V78 220 nm V78

300 ~ 450 nm 

V78 78.1 nm

36.3 nm V78 103.7 nm

34.2 nm V78

V78 40 vol%

THF 2 %

THF 6 %
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2.3. V78 :  

( : , : ,  

: MF 800 nm, : MF 450 nm, : MF 300 nm, : MF 200 nm) 

J

V78 THF

2.4 V78 THF
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2.5. absorbance THF

V78 THF 2.6 2.7 10 mL

0.5 mL
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2.4. V78 : THF

( :1 mM, : 2 mM, : 3 mM) 



2.6. V78 : THF

( : 0.2 mL, : 0.4 mL, : 0.6 mL, : 0.8 mL)

2.7. absorbance THF
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2.8. V78 : THF

( : , , 

2.9. absorbance THF
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2.10. V78 : 

( :10 , : 20 , : 30 , : 40 , : 50 ) 

2.11. absorbance 
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J
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2.12. V78 : 

2.13. absorbance

PVA 2.14 2.15 PVA

PVA

PVA absorbance PVA

PVA
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2.14. V78 : PVA

( : 1 ppm, :10 ppm, : 100 ppm) 

2.15. absorbance PVA
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2.16. V78 : 

( : 300 rpm, : 600 rpm, : 900 rpm, : 1200 rpm, : 1500 rpm) 

2.17. absorbance 
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2.18. V78 : 

( : 50 , : 55 , : 60 , : 65 , : 70 ) 

2.19. absorbance 
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2.20. V78 : 

( : 0 h, : 6 h, : 12 h, : 18 h, : 24 h, : 30 h) 

2.21. absorbance 

V78 J
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H

quinacridone QA)

QA

2.2

J

2.2.  QA

- 2.25 2.27 2.29 2.31 2.33 

(QA

NMP ) 

 / mM 1.05 0.15 -

2.12 

1.05 1.06 1.06 1.06 

/ mL 

0.5 0.5 0.05 - 1 0.5 0.5 0.5 

-1

2 2 2 2 - 10 2 2 

(

) 

 / 15 15 15 15 5 - 50 15 

 / vol% 

35 35 35 35 35 0 - 45 

PVA / ppm 100 100 100 100 100 100 

NaOH  

/ 10-5 M 

1.42 1.42 1.42 1.42 1.42 1.42 

 / rpm 

1500 1500 1500 1500 1500 1500 

 / 75 75 75 75 75 75 

 / h 2 2 2 2 2 2 



2.35 2.37 2.39 2.41 2.43 

(QA NMP

) 

 / mM 1.06 1.05 1.06 0.686 1.03 

/ mL 

0.5 0.5 0.5 0.5 0.5 

-1

2 2 2 2 2 

(

) 

 / 15 15 15 15 15 

 / vol% 

35 35 35 35 35 

PVA / ppm 0 - 100 100 100 100 100 

NaOH 

 / 10-5 M 

1.42 0 - 

2.84 

1.42 1.42 1.42 

/ rpm 

1500 1500 150 -

1500 

1500 1500 

 / 75 75 75 25 -

100 

75 

 / h 2 2 2 1 0 - 3 

2.22 

QA 300 nm QA

450 - 800 nm

QA 100.9 nm 30.9 nm

QA 252.1 nm 68.9 nm

QA

QA 35 vol%

NMP 3 % NMP

13 %



2.22. QA :  

( : , : ,  

: MF 800 nm, : MF 450 nm, : MF 300 nm, : MF 200 nm) 

QA NMP 2.23 2.24 2.25 QA

NMP 1 mM 1 mM

QA-NMP
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2.23. QA : NMP

( : 0.350 mM, : 0.553 mM, :0.750 mM, :0.995 mM) 

2.24. QA : NMP

( :1.15 mM, :1.37 mM, :1.57 mM, :1.77 mM) 
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2.25. absorbance NMP
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QA NMP 2.26 2.27 10 mL

0.6 mL

2.26. QA : NMP

( : 0.05 mL, : 0.15 mL, : 0.25 mL, :0.35 mL) 

2.27. absorbance NMP
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QA NMP absorbance 2.28 2.29 QA NMP

absorbance

2.28. QA : NMP

( : 2 : 4 , : 5 , :

2.29. absorbance NMP
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2.30 2.31 15

2.30. QA :

( : 5 , : 10 , :15 , : 20 ) 

2.31. absorbance 
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35 vol % ( 2.32 2.33 ) 30 vol%

35 vol%

2.32. QA : 

( : 25 %, : 30 %, :35 %, : 40 %) 

2.33. absorbance 
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PVA 2.34 2.35 PVA

PVA

2.34. QA :PVA

( : 0 ppm, : 10 ppm, : 30 ppm, : 50 ppm) 

2.35. absorbance PVA
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NaOH 2.36 2.37 NaOH

2.36. QA : NaOH

( : 0 : 2.84 : 5.68 :8.52 

2.37. absorbance NaOH
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2.38 2.39

2.38. QA :

( : 150 rpm, : 450 rpm, : 750 rpm, : 1050 rpm) 

2.39.  absorbance 
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( 2.40 2.41

) 

2.40. QA : 

( : 25 , : 50 , : 75 , : 100 ) 

2.41. absorbance 
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( 2.42 2.43 )

120

2.42. QA :

( : 0 min, : 30 min, : 60 min, : 90 min) 

2.43. absorbance 
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2.3 

2.44 2.48

2.3.

2.44 - 2.33 - - 

(QA NMP

) 

 / mM 1.06 1.06 1.06 1.06 1.06 

/ mL 

0.5 0.5 0.5 0.5 0.5 

-1

2 2 2 2 2 

(

) 

 / 5 10 15 20 25 

/ vol% 

0 - 45 0 - 45 0 - 45 0 - 45 0 - 45 

PVA / ppm 100 100 100 100 100 

NaOH 

 / 10-5M 

1.42 1.42 1.42 1.42 1.42 

 / rpm 

1500 1500 1500 1500 1500 

 / 75 75 75 75 75 

 / h 2 2 2 2 2 

- - - 2.47 - 

(QA NMP

) 

/ mM 1.06 1.06 1.06 1.06 1.06 

/ mL 0.5 0.5 0.5 0.5 0.5 

/ 
-1

2 2 2 2 2 



(

) 

 / 30 35 40 45 50 

 / vol% 

0 - 45 0 - 45 0 - 45 0 - 45 0 - 45 

PVA / ppm 100 100 100 100 100 

NaOH 

 / 10-5 M 

1.42 1.42 1.42 1.42 1.42 

 / rpm 

1500 1500 1500 1500 1500 

 / 75 75 75 75 75 

 / h 2 2 2 2 2 



2.44. QA : (5 ) 

( : 30 %, : 35 %, :40 %, : 45 %) 

2.45. absorbance (5 ) 
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2.46. QA : (45 ) 

( : 15 %, : 20 %, :25 %, : 30 %) 
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2.48. absorbance 

QA J QA

QA J

2.3.1.3 3,6-diphenyl-2,5-dihydropyrrolo [3,4-c] pyrrole-1,4-dione DPP) 
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2.4.

2.51 2.53 2.55 2.57 2.59 

(DPP

NMP ) 

 / mM 0.53 -

5.32 

1.20 1.15 1.19 1.18 

 / mL 

0.2 0.1 -

0.95 

0.2 0.2 0.2 

-1

2 2 0.8 - 

20 

2 2 

(

) 

 / 5 5 5 5 - 50 5 

 / vol% 

25 25 25 25 0 - 50 

PVA / ppm 15 15 15 10 10 

 / rpm 

1500 1500 1500 1500 1500 

 / 60 60 60 60 60 

 / h 2 2 2 2 2 

2.61 2.63 2.65 2.67 

(DPP

NMP ) 

 / mM 1.20 1.20 1.19 1.18 

 / mL 

0.2 0.2 0.2 0.2 

-1

2 2 2 2 

(

) 

 / 5 5 5 5 

 / vol% 

25 25 25 25 

PVA / ppm 0 - 50 10 10 10 

 / rpm 

1500 0 -

1500 

1500 1500 

 / 60 60 25 - 80 60 

 / h 2 2 2 0 - 3 



2.49 

DPP 220 nm DPP

450 nm

DPP 73.2 nm 28.0 

nm DPP 154.1 nm 51.9 nm

DPP

DPP 25 vol%

NMP 2 % NMP

8.5 %

2.49. DPP :  

( : , : ,  

: MF 800 nm, : MF 450 nm, : MF 300 nm, : MF 200 nm) 
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NMP DPP 2.50 2.51 3 mM

3 mM absorbance

DPP NMP

PVA
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2.50. DPP : NMP

( : , : , 
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DPP -NMP 2.52 2.53 10 

mL 0.7 mL

2.52. DPP : NMP

( : , : ,  

: 0.10 mL, :0.30 mL, : 0.50 mL, : 0.70 mL, : 0.90 mL) 
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DPP -NMP ( 2.54

2.55 ) 1500 rpm

2.54. DPP : 

( : , : , : 5 : : 15 : 20 

2.55. absorbance 
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2.56 2.57 5

absorbance

2.56. DPP : 

( : 5 , :15 , : 25 , : 35 , : 45 ) 
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25 vol % ( 2.58 2.59 )

2.58. DPP : 

( : 5 %, : 15 %, : 25 %, : 35 %, : 45 %) 
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PVA 2.60 2.61 PVA 1 ppm
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450 rpm Absorbance

450 rpm absorbance ( 2.62

2.63 ) 

2.62. DPP : 

( : 300 rpm, : 600 rpm, : 900 rpm, : 1200 rpm, : 1500 rpm)  
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2.64 2.65

60 5 absorbance

2.64. DPP : 

( : 30 , : 40 , : 50 , :60 , : 70 ) 
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2.66

2.67 60 absorbance

2.66. DPP : 

( : 0 min, :2.5 min, : 5 min, : 7.5 min, : 10 min) 
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2.68 DPP

DPP J

2.68. DPP

( : DPP-Cl , : DPP-Cl ,  

: DPP-Br , : DPP-Br ) 

2.69 

DPP-Cl 300 nm DPP-Cl

450 nm
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2.69. DPP-Cl :  

( : , : ,  

: MF 800 nm, : MF 450 nm, : MF 300 nm, : MF 200 nm) 

2.70 
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2.70. DPP-Br :  

( : , : ,  

: MF 800 nm, : MF 450 nm, : MF 300 nm, : MF 200 nm) 

DPP J V78

DPP

DPP-Cl DPP-Br DPP J
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2.3.1.4 violanthrone 

V78 J

J

V79 2.3.4.1

2.5. 

2.72 2.74 2.76 

/ mM 1.03 1.03 1.03 

/ mL 0.175 0.175 0.175 

 / rt rt rt 

 Methanol Ethanol 1-Propanol 

 / vol% - - - 

PVA / ppm 0 0 0 

 / rpm 1500 1500 1500 

/ 60 60 60 

 / h 24 17 21 

2.78 2.80 2.82 

/ mM 1.03 1.03 1.03 

/ mL 0.175 0.175 0.175 

 / rt rt rt 

 2-Propanol THF Acetone 

 / vol% - - - 

PVA / ppm 0 0 0 

 / rpm 1500 1500 1500 

/ 60 60 60 

 / h 23 20 22 

2.84 2.86 

/ mM 1.06 0.969 

/ mL 0.175 0.175 



 / rt rt 

 Dioxane Pyridine 

 / vol% - - 

PVA / ppm 0 0 

 / rpm 1500 1500 

/ 85 85 

 / h 18 13.5 



V79 

absorbance ( 2.71 2.72) 

J absorbance 
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absorbance ( 2.73 2.74) 35 %
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absorbance ( 2.75 2.76) 1- 20 %

25 %

2.75. V79 : 1-

2.76. absorbance 1-

2- absorbance
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( 2.77 2.78) 2- 20 %

J absorbance 

2.77. V79 : 2-

2.78. absorbance 2-
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THF absorbance ( 2.79

2.80) THF 20 

2.79. V79 : THF

2.80. absorbance THF
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absorbance

( 2.81 2.82) 20 

30 %

50 % 700 nm

2.81. V79 : 

2.82. absorbance 
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1,4- absorbance

( 2.83 2.84) 20 1,4-

700 nm

1,4- 85

2.83. V79 : 1,4-
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absorbance

( 2.85 2.86) 20 

85 700 nm

V79 
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J
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2.89. C8vio

V78 QA DPP
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3.1

3.2 

3.

Concentration of naphthacene 
/ mol% 

Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 

0 1.83 (94.1 %) 15.3 (5.9 %)
0.25 21.1(-) -(-)
0.50 19.3(-) -(-)
1.00 0.44 (15.8 %) 17.3 (84.2 %)

3.

Concentration of perylene 
/ mol% 

Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 
0 1.83 (94.1 %) 15.3 (5.9 %)

0.25 8.71 (61.8 %) 33.7 (38.2 %)
0.50 6.68 (58.7 %) 28.0 (41.3 %)
1.00 5.77 (56.8 %) 22.2 (43.2 %)

3.3 3.4 

3.

Concentration of naphthacene  
/ mol% 

Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 
0 1.23 (81.9 %) 5.72 (18.1 %)

2.00 1.01 (25.3 %) 17.5 (74.7 %)
5.00 3.87 (16.4 %) 17.6 (83.6 %)
8.00 3.55 (18.6 %) 17.0 (81.4 %)



3.

Concentration of perylene 
/ mol% 

Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 

0 1.23 (81.9 %) 5.72 (18.1 %)
0.10 3.49 (56.1 %) 11.1 (43.9 %)
1.00 3.07 (57.9 %) 10.5 (42.1 %)
2.00 3.79 (58.4 %) 11.7 (41.6 %)

3.5 2-

2-

3.

Concentration of naphthacene 
/ mol% 

Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 

0 1.51 (86.3 %) 9.46 (13.7 %)
0.25 3.75 (11.2 %) 16.7 (88.8 %)
0.50 3.92 (20.5 %) 15.7 (79.5 %)
1.00 6.28 (12.5 %) 15.6 (87.5 %)

3.6 

3.

Concentration of perylene 
/ mol% 

Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 
0 - (-) - (-)

0.25 4.21 (52.1 %) 9.39 (47.9 %)
0.50 3.00 (53.0 %) 7.51 (47.0 %)
1.00 2.70 (60.4 %) 6.84 (39.6 %)

3.22 3.7 2-



3.22

3.

Sample Fluorescence quantum yields 

2-ethylanthracene polycrystals 

nanoparticles 

pyrene polycrystals 

nanoparticles 

3.8 2-

3.

sample 
Fluorescence lifetime / ns 

Fast(Weight) Slow(Weight) 
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