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Synthesis of fluorinated FBTBr2 [S1,S2]  

 

Scheme S1 The synthetic route of fluorinated dibromide FBTBr2. 

4,7-Dibromobenzo[c][1,2,5]thiadiazole (BTBr2) 

1H NMR (400 MHz, CDCl3): 7.73 (s, 2H). Alal. Calcd. for C6H2Br2N2S: C, 24.51, H, 0.69, N, 

9.53%; Found: C, 24.40%; H, 0.58%; N, 9.61%.  

4,7-Dibromo-5,6-difluorobenzo[c][1,2,5]thiadiazole (FBTBr2) 

13C NMR (125 MHz, CDCl3): 152.60, 150.90, 148.81, 99.32. Alal. Calcd. for C6Br2F2N2S: C, 

21.84, N, 8.49%; Found: C, 21.70%; N, 8.59%.  

2,6-Bis(trimethyltin)-4,8-bis[5-((E)-2-(4,5-didecylthien-2-yl)vinyl)-5-thien-2-yl]benzo[1,2

-b:4,5-b′]dithiophene (BDT-TVTSn)  

1H NMR (CDCl3, 600 MHz), δ (ppm): 7.71 (t, J = 14.4 Hz, 2H), 7.39 (d, J = 3.6 Hz, 

2H), 7.13 (d, J = 3.6 Hz, 2H), 7.05 (d, J = 16.2 Hz, 2H), 6.98 (d, J = 15.6 Hz, 2H), 6.81 (s, 

2H), 2.71 (t, J = 7.8 Hz, 4H) , 2.46 (t, J = 7.8 Hz, 4H), 1.65 (m, 4H), 1.54 (m, 4H), 1.39~1.28 

(m, 56H), 0.89 (t, J = 7.2 Hz, 12H), 0.42 (t, J = 28.8 Hz, 18H). 13C NMR (CDCl3, 125 MHz), 

δ (ppm): 143.74, 143.42, 142.96, 139.16, 138.71, 137.94, 137.45, 131.05, 128.83, 128.67, 

125.92, 122.56, 122.26, 119.84, 110.57, 32.04, 31.86, 30.82, 29.76, 29.75, 29.74, 29.70, 

29.66, 29.59, 29.57, 29.47, 29.44, 28.29, 28.24, 22.82, 14.25. Anal. Calcd. for C76H114S6Sn: 

C, 62.63%; H, 7.88%. Found: C, 62.44%; H, 7.71%.  
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Fig. S1 1H NMR spectrum of BTBr2 in CDCl3. 

 

Fig. S2 13C NMR spectrum of FBTBr2 in CDCl3. 
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Fig. S3 1H NMR spectrum of BDT-TVTSn in CDCl3. 

 

Fig. S4 13C NMR spectrum of BDT-TVTSn in CDCl3. 
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Table S1. Yields, GPC data and thermal properties for the studied copolymers.  

Polymer Yield (%) Mn (kDa) Mw (kDa) PDI Td (°C） 

PBDT-TVT-BT 67.8 17.4 33.1 1.90 362 

PBDT-TVT-FBT 69.6 18.3 38.4 2.10 362 

 
Table S2. The photovoltaic performance of the PSCs devices under varied fabrication processes.  

Active layer (w:w) DIO 
VOC  

(V)a 

JSC  

(mA cm−2)a,b 

FF  

(%)a 

PCE  

(%)a 

RSH  

(Ω cm2)c 

RS 

(Ω cm2)c 

PBDT-TVT-BT/  

PC71BM (1:1) 
0% 0.74±0.01 

8.95±0.40 

(8.65) 
49.99±0.32 3.31±0.21 427.38 17.53 

PBDT-TVT-BT/ 

PC71BM (1:1.5) 
0% 0.74±0.01 

9.29±0.45 

(9.00) 
56.67±0.39 3.89±0.30 819.22 13.36 

PBDT-TVT-BT/ 

PC71BM (1:2) 
0% 0.74±0.01 

9.09±0.38 

(8.83) 
53.71±0.34 3.61±0.20 790.33 16.37 

PBDT-TVT-BT/ 

PC71BM (1:1.5) 
3% 0.74±0.01 

10.04±0.31 

(9.94) 
60.57±0.41 4.50±0.29 1044.10 11.33 

PBDT-TVT-FBT/ 

PC71BM (1:1) 
0% 0.79±0.01 

8.89± 0.38 

(8.69) 
55.71±0.37 3.91±0.29 978.67 13.02 

PBDT-TVT-FBT/ 

PC71BM (1:1.5) 
0% 0.79±0.01 

9.44±0.41 

(8.23) 
58.67±0.43 4.38±0.35 1096.98 11.37 

PBDT-TVT-FBT/ 

PC71BM (1:2) 
0% 0.78±0.01 

9.46± 0.45 

(9.31) 
56.19±0.42 4.15±0.31 981.93 12.73 

PBDT-TVT-FBT/ 

PC71BM (1:1.5) 
3% 0.78±0.01 

10.55±0.45 

(10.35) 
63.44±0.45 5.22±0.30 1560.89 9.17 

a The statistical results were obtained from 10 independent cells, and the ± refer to the standard deviation. 
bThe values in the parentheses are the integrated currents obtained from the EQE curves. 
cRSH and RS are deduced from the inverse slope at V = 0 and V = VOC in the J−V curves under illumination. 

 

 

Table S3 Hole mobilities of the optimized devices measured by SCLC model. 

Active layer Ratios/Additive Thickness (nm) Slope μh (cm2 V−1 s−1) 

PBDT-TVT-BT:PC71BM 1:1.5/3%DIO 110 20.64 1.90×10−4 

PBDT-TVT-FBT:PC71BM 1:1.5/3%DIO 112 25.52 3.06×10−4 

 

Table S4 Electron mobilities of the optimized device measured by SCLC model. 

Active layer Ratios/Additive Thickness (nm) Slope μe (cm2 V−1 s−1) 

PBDT-TVT-BT:PC71BM 1:1.5/3%DIO 107 10.49 4.51×10−5 

PBDT-TVT-FBT:PC71BM 1:1.5/3%DIO 117 15.03 1.21×10−4 
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Fig. S5 UV-vis absorption spectra of copolymers PBDT-TVT-BT and PBDT-TVT-FBT dissolved in 

CB at various concentrations and calculation of molar absorption coefficient. 
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Fig. S6 J-V curves of PBDT-TVT-BT and PBDT-TVT-FBT with different weight ratio to PC71BM, and 

using 3%DIO additive and EQE spectra of corresponding PSCs. 

 

 

Fig. S7 J-V curves of hole-only (a) and electron-only (b) devices for the PBDT-TVT-BT:PC71BM and 

PBDT-TVT-FBT:PC71BM. 
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