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S5. GPC chhromatogramm of PDPPTTTT.  

 



2. Synthesis of acene-containing conjugated polymers 

 

Synthesis of PDPPPy (1) 

To a degassed 7 mL toluene solution of 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)-pyrene (73 mg, 0.16 mmol), 2,5-di(2-dodecylhexadecyl)-3,6-bis-(5-bromothiophenyl)-

1,4-diketopyrrolo[3,4-c]pyrrole (200 mg, 0.16 mmol), K2CO3 (1.68 mg, 0.008 mmol), and 

three drops of Aliquat 336 were added with 0.7 mL of degassed demineralized water. 

Pd2(dba)3 (3 mg, 2 mol% ) and P(o-tolyl)3 (4 mg, 8 mol%) were then added to the reaction 

mixture. The reaction solution was allowed to stir for 3 h at 90 °C under argon atmosphere. 

The slightly viscous dark blue solution was cooled down to room temperature. It was poured 

into a 200 mL methanol/HCl (1 M solution) (9:1 v/v) to obtain polymer precipitates. The 

crude polymer was collected by filtration and then purified by Soxhlet extraction with 

acetone, hexane, and chloroform, successively. The polymer was obtained as a dark blue 

solid (184 mg, 87%). Mn = 48.83 kDa, Mw = 265.7 kDa, and PDI = 5.44. 1H NMR (300MHz); 

(ppm) 0.67-1.68 (br. 108H, aliphatic-H); 8.52-9.23 (br. 12H, aromatic-H). Anal. calcd for 

C88H132N2O2S2: C 80.43, H 10.12, N 2.13, S 4.88; found: C 80.12, H 9.99, N 2.03, S, 4.59. 

max (PDPPPy film on KBr pellet /cm-1) : 2992-2809 (CH stretch), 1660 (C=O), 1552, 1427 

(C=C aromatic stretch) 

 

Synthesis of PDPPNDT, (2) 1 

2,5-Di(2-dodecylhexadecyl)-3,6-bis-(5-bromothiophenyl)-1,4-diketopyrrolo[3,4-c]pyrrole 

(150 mg, 0.012 mmol) and bis(trimethyl-stannyl)NDT (68.3 mg, 0.012 mmol) were dissolved 

in 15 mL of degassed anhydrous toluene. Subsequently, a catalyst, Pd2(dba)3 (1.5 mg, 2 

mol%) and P(o-tolyl)3 (2 mg, 8 mol%), were added to the reaction mixture, and the mixture 

was kept at 95 °C for 36 h under argon atmosphere. Then, the mixture was cooled down to 



room temperature, and the polymer precipitated in a 200 mL methanol/HCl (1 M solution) 

(9:1 v/v). The crude polymer was collected by filtration and then purified by Soxhlet 

extraction with acetone, hexane, and chloroform, successively. The resulting polymer was 

obtained as dark green-purple solid (114 mg, 72%). Mn = 30.7 kDa, Mw = 65.5 kDa, and PDI 

= 2.13. 1H NMR (300MHz, CDCl3); (ppm) 0.63-1.66 (br. 108H, aliphatic-H); 8.26-9.25 (br. 

10H, aromatic-H). Anal. calcd for C88H134N2O2S4 : C 76.54, H 9.79, N 2.03, S 9.29; found: C 

76.10, H 9.58, N 2.10, S 9.45. max (PDPPNDT film on KBr pellet/cm-1) : 2981-2805 (CH 

stretch), 1663 (C=O), 1551, 1428 (C=C aromatic stretch). 

 

Synthesis of PDPPBDT, (3) 

2,5-Di(2-dodecylhexadecyl)-3,6-bis-(5-bromothiophenyl)-1,4-diketopyrrolo[3,4-c]pyrrole 

(130 mg, 0.01 mmol) and bis(trimethyl-stannyl)BDT (65 mg, 0.01 mmol) were dissolved in 

12 mL of degassed anhydrous toluene. Subsequently, a catalyst, Pd2(dba)3 (1.5 mg, 2 mol%) 

and P(o-tolyl)3 (2 mg, 8 mol%), were added to the reaction mixture, and the mixture was kept 

at 95 °C for 37 h under argon atmosphere. Then, the mixture was cooled down to room 

temperature, and the polymer precipitated in a 200 mL methanol/HCl (1 M solution) (9:1 v/v). 

The crude polymer was collected by filtration and then purified by Soxhlet extraction with 

acetone, hexane, and chloroform, successively. The resulting polymer was obtained as dark 

green-purple solid (127 mg, 93%). Mn = 56.8 kDa, Mw = 136.7 kDa, and PDI = 2.40. 1H 

NMR (300MHz); (ppm) 0.75-1.65 (br, 108H, aliphatic-H); 8.34-9.20 (br, 8H, aromatic-H). 

Anal. calcd for C82H128N2O2S4 : C 75.63, H 9.91, N 2.15, S 9.85; found: C 75.54, H 9.87, N 

2.01, S 9.72. max (PDPPBDT film on KBr pellet/cm-1) : 3003-2802 (CH stretch), 1664 (C=O), 

1555, 1431 (C=C aromatic stretch). 

 

Synthesis of PDPPDTT (4) 



PDPPDTT was synthesized with the same method used for PDPPBDT using 2,5-di(2-

dodecylhexadecyl)-3,6-bis-(5-bromothiophenyl)-1,4-diketopyrrolo[3,4-c]pyrrole (100 mg, 

0.08 mmol) and bis(trimethyl-stannyl)DTT (50 mg, 0.1 mmol). The polymerization mixture 

was kept at 95 °C for 2 days. The resulting polymer was obtained (100 mg, 95%).  Mn = 

68.0 kDa, Mw = 180.0 kDa, and PDI = 2.65. 1H NMR (300MHz); (ppm) 0.75-1.66 (br, 

108H, aliphatic-H); 8.24-9.25 (br, 6H, aromatic-H). Anal. calcd for C78H120N2O2S5: C 73.30, 

H 9.46, N 2.19, S 12.54; found: C 72.18, H 9.33, N 1.99, S 12.63. max (PDPPDTT film on 

KBr pellet/cm-1) : 2990-2807 (CH stretch), 1664 (C=O), 1551, 1431 (C=C aromatic stretch). 

 

Synthesis of PDPPTTTT (5)  

PDPPDTT was synthesized with the same method used for PDPPBDT using bis(trimethyl-

stannyl)TTTT (46 mg, 0.08 mmol) and 2,5-di(2-dodecylhexadecyl)-3,6-bis-(5-

bromothiophenyl)-1,4-diketopyrrolo[3,4-c]pyrrole. The polymerization mixture was kept at 

95 °C for 10 h. The pure polymer was obtained as a dark green-purple solid (106 mg, 98%).  

Mn = 58.1 kDa, Mw = 171.7 kDa, and PDI = 2.95. 1H NMR (300MHz); (ppm) 0.72-1.68 (br, 

108H, aliphatic-H); 8.21-9.24 (br, 6H, aromatic-H). Anal. calcd for C80H120N2O2S6: C 72.02, 

H 9.07, N 2.10, S 14.42; found: C 72.17, H 9.11, N 1.99, S 14.88. max (PDPPTTTT film on 

KBr pellet/cm-1) : 3002-2821 (CH stretch), 1664 (C=O), 1551, 1434 (C=C aromatic stretch). 

 

 

 

 

 

 



3. FT-IR spectra of the monomers and polymers.  

 

Figure S6. FT-IR spectrum of 2,5-di(2-dodecylhexadecyl)-3,6-bis-(5-bromothiophenyl)-1,4-

diketopyrrolo[3,4-c]pyrrole. max (KBr pellet/cm-1) : 2998-2798 (CH stretch), 1673 (C=O), 

1561, 1416 (C=C aromatic stretch).  

Figure S7. FT-IR spectrum of 2,7-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-

pyrene,.max (KBr pellet/cm-1) : 3065-2858 (CH stretch), 1462 (C=C aromatic stretch). 
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Figure S8. FT-IR spectrum of bis(trimethyl-stannyl)NDT. max (KBr pellet/cm-1) : 3009-2845 

(CH stretch), 1442 (C=C aromatic stretch), 532 (Sn-C stretch). 

Figure S9. FT-IR spectrum of bis(trimethyl-stannyl)BDT. max (KBr pellet/cm-1) : 3018-2863 

(CH stretch), 1496 (C=C aromatic stretch), 539 (Sn-C stretch).  
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Figure S10. FT-IR spectrum of bis(trimethyl-stannyl)DTT. max (KBr pellet/cm-1) : 3023-

2834 (CH stretch), 1460 (C=C aromatic stretch), 535 (Sn-C stretch). 

Figure S11. FT-IR spectrum of bis(trimethyl-stannyl)TTTT.max (KBr pellet/cm-1) : 3014-

2879 (CH stretch), 1454 (C=C aromatic stretch), 528 (Sn-C stretch). 
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Figure S12. FT-IR spectrum of PDPPPy. max (PDPPPy film on KBr pellet/cm-1) : 2992-2809 

(CH stretch), 1660 (C=O), 1552, 1427 (C=C aromatic stretch). 

 

Figure S13. FT-IR spectrum of PDPPNDT. max (PDPPNDT film on KBr pellet/cm-1) : 2981-

2805 (CH stretch), 1663 (C=O), 1551, 1428 (C=C aromatic stretch). 
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Figure S14. FT-IR spectrum of PDPPBDT. max (PDPPBDT film on KBr pellet/cm-1) : 3003-

2802 (CH stretch), 1664 (C=O), 1555, 1431 (C=C aromatic stretch). 

 

Figure S15. FT-IR spectrum of PDPPDTT. max (PDPPDTT film on KBr pellet/cm-1) : 2990-

2807 (CH stretch), 1664 (C=O), 1551, 1431 (C=C aromatic stretch). 

500100015002000250030003500
0

20

40

60

80

100

N

N

C14H29

C12H25

C12H25

C14H29

O

O
S

S

S

S
n

Tr
an

sm
it

ta
n

ce
(%

)

Wavenumbers (cm-1)

500100015002000250030003500
0

20

40

60

80

100

N

N

C14H29

C12H25

C12H25

C14H29

O

O
S

S

S

S

S n

Tr
an

sm
it

ta
n

ce
(%

)

Wavenumbers (cm-1)



 

Figure S16. FT-IR spectrum of PDPPTTTT. max (PDPPTTTT film on KBr pellet/cm-1) : 

3002-2821 (CH stretch), 1664 (C=O), 1551, 1434 (C=C aromatic stretch). 
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Table S1. Peak assignments for the out-of-plane and in-plane XRD patterns of thin films 

annealed at 200 °C.  

  
Out-of-plane In-plane 

(100) (200) (300) (400) (500) (100) (200) (010)

PDPPPy 
2 (deg) 2.91 5.68 8.40 11.20  2.67 5.40  

d-spacing (Å) 22.94 11.76 7.95 5.97  25 12.37  

PDPPNDT 
2 (deg) 3.08 6.07 8.97 11.64 13.67   18.16

d-spacing (Å) 21.68 11 7.45 5.75 4.90   3.69 

PDPPBDT 
2 (deg) 3 5.91 8.70 11.18 13.77   17.93

d-spacing (Å) 22.26 11.3 7.68 5.98 4.86   3.74 

PDPPDTT 
2 (deg) 2.88 5.78 8.54 11.36 13.67 2.65  18.93

d-spacing (Å) 23.15 11.56 7.82 5.89 4.90 25.19  3.54 

PDPPTTTT 
2 (deg) 2.98 5.89 8.70 11.40 13.71   18.6 

d-spacing (Å) 22.4 11.34 7.68 5.87 4.88   3.60 
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The voltage transfer characteristics (VIN-VOUT) and corresponding gain of the RL inverter 

based on DPPPTTTT for forward (i.e., from 0 V to -60 V) and reverse (i.e., from -60 V to 0 

V) scans at VDD = -60 V are shown in Figure S39. It is clear that the output voltage switched 

between logic from “1” state (–60 V) to the “0” state (~ -2.0 V) when the input signal was 

swept from -60 V to 0 V. The RL inverter shows a clear switching response with moderate 

hysteresis (V = 3 V) between 0 V and -60 V with a voltage gain (i.e., dVOUT/dVIN) of almost 

7.   
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