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Scheme S1. Synthesis of DBND based polymers.
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Reagents and conditions: (a) Zn, CF3COOH, THF, r.t. 1h; (b) HCl (conc.):THF (1:2), 100 oC, 8h; (c) 

K2CO3, DMF, bubbling air, r.t., 48h; (d) K2CO3, 11-(bromomethyl)tricosane, DMF, 100 oC, 24h; (e) 

Pd2(dba)3, P(o-tol)3, (3,3'-difluoro-[2,2'-bithiophene]-5,5'-diyl)bis(trimethylstannane), toluene, 110 oC, 72h.
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1. Synthetic procedures

The starting materials of 1a and 1b are synthesized according to the literature.1
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TFA (4.7 ml, 60 mmol) was added dropwise to a cooled (0oC) suspension of 1a (1b) (1 g, 2.39 

mmol) and activated Zn dust (940 mg, 14.5 mmol) in THF (125 ml) solution. The mixture was 

stirred at r.t. for 1 hour. Then the mixture was precipitated into a stirring H2O (500 ml). The white 

solid 2a (2b) obtained were collected on a filter, washed with H2O, and dried under reduced 

pressure. (1.03 g, quantitative).

2a: 1H-NMR (DMSO-d6, 600 MHz) δ: 10.51 (s, 2H), 7.09 (d, J = 8.02 Hz, 2H), 6.95 (s, 2H), 

6.75 (d, J =8.02 Hz, 2H), 4.19 (s, 2H). 13C-NMR (DMSO-d6, 150 MHz) δ: 176.33, 145.45, 126.83, 

125.72, 124.47, 121.46, 112.71, 45.70. 

2b: 1H-NMR (DMSO-d6, 600 MHz) δ: 10.53 (s, 2H), 7.39 (d, J = 8.28 Hz, 2H), 6.93 (s, 2H), 

6.79 (d, J =8.28 Hz, 2H), 4.28 (s, 2H). isomer: δ: 10.85 (s, 2H), 7.29 (d, J = 8.28 Hz, 2H), 7.08 (s, 

2H), 6.74 (d, J =8.28 Hz, 2H), 4.21 (s, 2H). 13C-NMR with isomer (DMSO-d6, 150 MHz) δ: 

176.99, 175.97, 143.15, 142.61, 131.61, 131.53, 129.98, 126.78, 126.41, 113.47, 113.35, 111.92, 

111.79, 46.07, 46.05.
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A suspension of 2a (2b) (1 g, 2.38 mmol) in conc. HCl (10 ml) and THF (20 ml) was added to a 

Schlenk tube. The mixture was stirred for 10 hours at 100 oC. The mixture was then cooled down 

to r.t. The precipitate was collected on a filter and washed with water, ethanol, and ethyl acetate to 

give a white solid 3a (3b), which was pure enough to carry out on next step (609 mg, 61%).

3a: 1H-NMR (DMSO-d6, 600 MHz) δ: 10.58 (s, 2H), 7.20-7.16 (m, 4H), 7.06 (s, 2H), 4.23 (s, 
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2H). 13C-NMR (DMSO-d6, 150 MHz) δ: 168.29, 139.53, 132.29, 125.12, 121.28, 120.13, 118.01. 

41.78

3b: 1H-NMR (DMSO-d6, 600 MHz) δ: δ: 10.61 (s, 2H), 7.44 (d, J = 8.41 Hz, 2H), 7.42 (s, 2H), 

6.85 (d, J = 8.41 Hz, 2H),  4.24 (s, 2H). 13C-NMR (DMSO-d6, 150 MHz) δ: 168.16, 137.27, 

133.04, 131.53, 123.33, 117.68, 113.98. 41.78
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To a solution of 3a (3b) in DMF (0.01 M) was added K2CO3 (4 Eq.). The suspension was 

stirred for 48 hours, with air bubbling into the system. The yellow solid 4a (4b) (almost 

quantitative) obtained was filtered and washed with water then THF before drying under reduced 

pressure, which was to carry out in next step. 
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To a suspension of K2CO3 (995 mg, 7.2 mmol) in DMF (20 ml) was added 4a (4b) (600 mg, 

1.44 mmol) and 11-(bromomethyl)tricosane (2.35 g, 5.76 mmol). The mixture was stirred at 100 

oC for 48 hours before filtration. The filtrate was concentrated under reduced pressure. The 

obtained crude product was then purified by column chromatography on silica gel eluted with 

petroleum ether to give a white solid compound 5a (5b) (1.1 g, 70%), which was then further 

purified by recrystallization before polymerization.

   5a: 1H-NMR (CDCl3, 600 MHz) δ: 9.33 (d, J=9.25 Hz, 2H), 8.13 (s, 2H), 7.61 (d, J=9.25 Hz, 

2H), 4.67 (d, J=5.54 Hz, 4H), 2.08 (m, 2H), 1.70-1.20 (m, 80H), 0.90 (m, 12H). 13C-NMR (CDCl3, 

150 MHz) δ: 159.59, 145.61, 129.71, 129.28, 128.11, 123.36, 122.72, 119.46, 70.44, 37.59, 31.95, 

31.94, 31.93, 30.02, 29.71, 29.69, 29.67, 29.37, 29.37, 26.96, 22.71, 22.70, 14.14.

5b: 1H-NMR (CDCl3, 600 MHz) δ: 9.67 (s, 2H), 7.78 (d, J=8.68 Hz, 2H), 7.73 (d, J=8.68 Hz, 

2H), 4.63 (d, J=5.15 Hz, 4H), 1.98 (m, 2H), 1.70-1.00 (m, 80H), 0.79 (m, 12H). 13C-NMR (CDCl3, 

150 MHz) δ: 159.26, 143.47, 132.59, 130.54, 128.83, 122.33, 121.83, 118.79, 70.61, 37.94, 32.0, 
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31.94, 31.92, 30.03, 29.69, 29.66, 29.64, 29.36, 29.35, 27.12, 22.70, 22.69, 14.12.

2. Procedures for Stille Polymerization and Polymer Purification.

5a (5b) (109.3 mg, 0.1 mmol), (3,3'-difluoro-[2,2'-bithiophene]-5,5'-diyl)bis(trimethylstannane) 

(52.8 mg, 0.1 mmol), Pd2(dba)3 (1.1 mg, 1.2 mmol%), P(o-tol)3 (2.9 mg, 9.6 mmol%) and 2.5 mL 

of toluene were added to a Schlenk tube. The tube was charged with argon through a freeze-pump-

thaw cycle three times. The mixture was stirred for 72 hours at 110 oC. And then, the mixture was 

precipitated into methanol (100 mL). The precipitate was filtered and purified via Soxhlet 

extraction for 8 hours with methanol, 12 hours with hexane, and 12 hours with chloroform, finally 

it was collected with o-DCB. The o-DCB solution was then concentrated and precipitated into 

methanol (100mL) to give a solid (84% for P(p-DBND-f-2T) and 65% for P(m-DBND-f-2T)).

Fig. S1. Polymer solutions in o-DCB
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Fig. S2. Gel permeation chromatography (GPC) results of P(m-DBND-f-2T) and P(p-DBND-f-2T)
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Fig. S3. Local converged intermolecular packing and the binding energy (IBE) of m-DBND-f-2T
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Fig. S4. Local converged intermolecular packing and the binding energy (IBE) of p-DBND-f-2T
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Fig. S5. Space-charge-limited current (SCLC) density-voltage curves of the hole only devices of P(m-
DBND-f-2T) and P(p-DBND-f-2T) blended film (1: 2 with PC71BM, w/w).
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