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1. Experiment part.

1.1 Synthesis of DPP,Py

Compound Py(BPin), (45.4 mg, 0.1 mmol), compound DPP-Br (132.9 mg, 0.22
mmol), 2.0 M K,COj3; aqueous solution (1.0 mL), methanol (1.0 mL), and toluene (5.0
mL) were mixed together in a 25 mL two-neck flask and purged with nitrogen flow
for 20 min. To this solution was added tetrakis(triphenylphosphine)palladium (10 mg).
The reaction mixture was heated to 80 °C and refluxed for 12 h. Then allowed
mixture to cool to room temperature and extracted with CH,Cl, (25 mL x 3). The
resulting organic layer was washed with brine, dried over anhydrous MgSO,4 and
evaporated to remove off solvent under vacuum. The residue was purified by column
chromatography on silica gel using CH,Cly/petroleum ether (2:1, v/v) as eluent to
provide a dark blue powder (106.4 mg, 85.3%). 'H NMR (CDCls, 400 MHz), & (ppm):
8.95 (d, J= 2.8 Hz, 2H), 8.89 (s, 2H), 8.19 (s, 4H), 8.00 (s, 4H), 7.59 (d, J = 2.4 Hz,
2H), 7.54 (d, J = 4.2 Hz, 2H), 7.21 (s, 2H), 4.05 (d, J=31.7 Hz, 8H), 1.91 (d, J = 26.7
Hz, 4H), 1.52-1.12 (m, 32H), 1.03-0.76 (m, 24H). MALDI-MS (m/z) of
C6HggN4O4S, for [M*]: caled. 1247.78; found, 1247.80. Elemental analysis for
C76HssN4O4S4: caled. C, 73.15; H, 6.95; N, 4.49; found C, 73.09; H, 7.98; N, 4.46.

1.2 Synthesis of DPP-Th

Under the protection of argon, to a solution of DPP-Br (1.21 g, 2 mmol) and Th-Sn
(1.07 g, 2.2 mmol) in 50 mL toluene was added tetrakis(triphenylphosphine)
palladium (115.6 mg, 0.1 mmol). The reaction mixture was heated to 110 °C and
refluxed for 16 h. Then allowed mixture to cool to room temperature and extracted
with CH,Cl, (50 mL x 3). The resulting organic layer was washed with brine, dried
over anhydrous MgSO, and evaporated to remove off solvent under vacuum. The
residue was purified by column chromatography on silica gel using CH,Cl,/petroleum
ether (1:1, v/v) as eluent to provide a purple powder (1.21 g, 84.6%). '"H NMR (400
MHz, CDCl;) 6 8.88 (d, /=4.1 Hz, 1H), 8.80 (d, J= 3.5 Hz, 1H), 7.55 (d, /= 4.8 Hz,
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1H), 7.21 (d, J=4.8 Hz, 1H), 7.18 (d, /= 4.8 Hz, 1H), 7.18 (d, J = 4.1 Hz, 1H), 7.08
(d, J=3.5Hz, 1H), 6.68 (d, /= 3.4 Hz, 1H), 4.07 — 3.87 (m, 4H), 2.76 (t, /= 7.5 Hz,
2H), 1.91 — 1.72 (m, 2H), 1.63 (dd, J = 14.6, 7.3 Hz, 2H), 1.41 — 1.08 (m, 26H), 0.90
—0.71 (m, 15H). BC NMR (101 MHz, CDCl;) & 161.86, 161.59, 147.88,
143.69,140.34, 139.53, 137.04, 134.98, 133.60, 130.20, 130.01, 128.39, 127.38,
125.38, 125.07, 124.03, 108.25, 107.87, 45.94, 39.27, 39.13, 31.87, 31.56, 30.39,
30.31, 30.27, 29.72, 29.32, 29.21, 29.09, 28.58, 28.40, 23.73, 23.61, 23.13, 23.08,
22.67, 14.10, 14.07, 14.02, 10.58, 10.54. MALDI-MS (m/z) of C4HssN,0,S; for
[M*]: caled. 718.37; found, 718.49.

1.3 Synthesis of DPP-Th-Br

At 0 °C, to a solution of DPP-Th (1.21 g, 1.68 mmol) in 100 mL chloroform was
added N-Bromosuccinimide (0.36 g, 2.02 mmol). The reaction mixture was stirred at
this temperature for 4 h, and then poured into 200 mL water. Then extracted with
CH,CI, (50 mL x 3). The resulting organic layer was washed with brine, dried over
anhydrous MgSQO, and evaporated to remove off solvent under vacuum. The residue
was purified by column chromatography on silica gel using CH,Cl,/petroleum ether
(1:1, v/v) as eluent to provide a blue powder (1.25 g, 93.3%). 'H NMR (400 MHz,
CDCl;) 6 8.90 (d, J=4.1 Hz, 1H), 8.53 (d, /J=4.1 Hz, 1H), 7.17 (d, J = 4.1 Hz, 1H),
7.15 (d, J = 4.2 Hz, 1H), 7.09 (d, J = 3.5 Hz, 1H), 6.68 (d, J = 3.4 Hz, 1H), 4.03 —
3.93 (m, 2H), 3.89 (t, J = 6.8 Hz, 2H), 2.76 (t, J = 7.5 Hz, 2H), 1.82 (d, J = 27.1 Hz,
2H), 1.70 — 1.56 (m, 2H), 1.40 — 1.12 (m, 26H), 0.84 (m, 15H). 3C NMR (101 MHz,
CDCl,) 6 161.75, 161.30, 148.06 , 144.06, 140.78, 137.99, 137.37, 136.69, 134.77 ,
131.45, 131.35, 127.25, 125.42, 125.17, 124.06, 118.24, 108.46, 107.70, 46.01, 39.25,
39.16, 31.87, 31.55, 30.39, 30.33, 30.25, 29.32, 29.21, 29.10, 28.57, 28.39, 28.38,
23.72, 23.64, 23.12, 23.06, 22.67, 14.10, 14.07, 14.02, 10.57, 10.53. MALDI-MS
(m/z) of C4,Hs57BrN,0O,S; for [M*]: calcd. 798.27; found, 798.42.

1.4 Synthesis of ThDPP2-Py

Compound Py(BPin), (45.4 mg, 0.1 mmol), compound DPP-Th-Br (175.6 mg, 0.22
mmol), 2.0 M K,COj3; aqueous solution (1.0 mL), methanol (1.0 mL), and toluene (5.0
mL) were mixed together in a 25 mL two-neck flask and purged with nitrogen flow
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for 20 min. To this solution was added tetrakis(triphenylphosphine)palladium (10 mg).
The reaction mixture was heated to 80 °C and refluxed for 12 h. Then allowed
mixture to cool to room temperature and extracted with CH,Cl, (25 mL x 3). The
resulting organic layer was washed with brine, dried over anhydrous MgSO,4 and
evaporated to remove off solvent under vacuum. The residue was purified by column
chromatography on silica gel using CH,Cly/petroleum ether (2:1, v/v) as eluent to
provide a dark blue powder (113.4 mg, 69.3%). '"H NMR (400 MHz, CDCl5) 6 8.92 (s,
4H), 7.98 (s, 4H), 7.91 (s, 4H), 7.44 (s, 2H), 7.07 (s, 2H), 6.99 (s, 2H), 6.60 (s, 2H),
3.96 (d, J=17.9 Hz, 8H), 2.69 (d, J = 6.9 Hz, 4H), 1.91 (s, 4H), 1.61 - 1.0 (m, 56H),
1.08 — 0.80 (m, 30H). MALDI-MS (m/z) of C;poH1250N404S¢ for [M*]: calcd. 1635.78;

found, 1636.64.
1.5 Synthesis of TPADPP2-Py
Compound Py(BPin), (45.4 mg, 0.1 mmol), compound TPADPP-Br (242.8 mg, 0.22

mmol), 2.0 M K,COj3; aqueous solution (1.0 mL), methanol (1.0 mL), and toluene (5.0
mL) were mixed together in a 25 mL two-neck flask and purged with nitrogen flow
for 20 min. To this solution was added tetrakis(triphenylphosphine)palladium (10 mg).
The reaction mixture was heated to 80 °C and refluxed for 12 h. Then allowed
mixture to cool to room temperature and extracted with CH,Cl, (25 mL x 3). The
resulting organic layer was washed with brine, dried over anhydrous MgSO,4 and
evaporated to remove off solvent under vacuum. The residue was purified by column
chromatography on silica gel using CH,Cly/petroleum ether (2:1, v/v) as eluent to
provide a dark blue powder (180.5 mg, 80.4%). '"H NMR (400 MHz, CDCls) 6 9.02 (d,
J = 3.3 Hz, 2H), 8.94 (s, 2H), 8.03 (s, 4H), 7.95 (s, 4H), 7.48 (s, 2H), 7.34 (s, 2H),
7.33 (s, 2H), 7.19 (s, 2H), 7.00 (s, 4H), 6.97 (s,4H), 6.81 (s, 6H), 6.79 (s, 6H), 3.93 (m,
16H), 1.94 (s, 4H), 1.85 — 1.71 (m, 8H), 1.54 — 1.20 (m, 72H), 1.06 — 0.80 (m, 36H).
MALDI-MS (m/z) of Cy44H;76NsOgS4 for [M*]: calcd. 2246.25; found, 2246.60.

2. TGA curves of DPP,Py, ThDPP,Py and TPADPP,Py.
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Weight (%)

Fig. S1. The TGA curves of DPP,Py, ThDPP,Py and TPADPP,Py.

3. Photovoltaic properties of the DPP,Py/PC,;;BM-based OPV cells

100
—— DPP,Py
| —— ThDPP,PY
801 ——TPADPP,Py
60
40
204
100 200 300 400 500

Temperature (°C)

D/A ratio DIO ratio Annealed temperature (°C) Voc (V) Jsc (mA/cm?) FF (%) PCE, . (%)
1:1 0% 25 0.85 6.63 54.31 3.05
1:1 1% 25 0.83 10.57 54.35 4.76
1:1 2% 25 0.82 9.29 58.08 4.43

1.5:1 1% 25 0.84 9.89 50.85 4.23
2:1 1% 25 0.82 9.29 58.08 4.43
1:1 1% 80 0.85 11.14 57.42 4.96
1:1 1% 110 0.85 11.13 60.07 5.67
1:1 1% 140 0.82 10.74 45.54 4.02
1:1 0% 110 0.86 8.30 50.49 3.59
1:1 0.5% 110 0.85 8.79 51.55 3.86
1:1 1.5% 110 0.84 11.86 53.64 5.32
1:1 2% 110 0.83 11.85 51.09 5.08

Table S1. Photovoltaic performance of the DPP,Py-based OPV cells.
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Fig. S2. J-V characteristics of the DPP,Py/PC7;,BM based OPV cells under AM.1.5G

illumination (100 mW/cm?). (a) D/A ratio optimization; (b) DIO optimization; (c)

annealing temperature optimization. The optimized condition is D/A ratio of 1:1 with

1% DIO and annealed at 110 °C for 10 minutes.

4. Photovoltaic properties of the ThDPP,Py/PC,;;BM-based OPVcells

D/A ratio DIO ratio Annealed temperature (°C) Voc(V)  Jsc(mA/em?)  FF (%)  PCEmax/ave?* (%)
1:1 0% 25 0.66 3.15 56.54 1.17
1:1 0.5% 25 0.67 12.54 62.41 5.27
1:1 1% 25 0.66 15.35 57.89 5.88
1:1 1.5% 25 0.66 12.61 54.94 4.57
1.2:1 1% 25 0.66 13.04 56.92 4.89
1.5:1 1% 25 0.66 12.66 57.55 4.70
2:1 1% 25 0.66 8.00 49.70 2.86
1:2 1% 25 0.66 13.34 61.25 5.38
1:1 1% 110 0.67 12.68 54.65 4.63

Table S2. Photovoltaic performance of the ThDPP,Py-based OPV cells.
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Fig. S3. J-V characteristics of the ThDPP,Py/PC;,BM based OPV cells under
AM.1.5G illumination (100 mW/cm?). (a) D/A ratio optimization; (b) DIO
optimization; (c) annealing temperature optimization. The optimized condition is D/A
ratio of 1:1 with 1% DIO without annealing.

5. Photovoltaic properties of the TPADPP,Py/PC;;BM-based OPYV cells

D/A ratio DIO ratio Annealed temperature (°C) Voc (V)  Jsc(mA/em?)  FF (%)  PCEmax/ave® (%)

1:1 0% 25 0.62 2.08 53.35 0.68
1:1 0.5% 25 0.62 8.12 56.83 2.87
1:1 1% 25 0.62 10.77 63.94 4.26
1:1 1.5% 25 0.63 10.74 56.56 3.82
1.5:1 1% 25 0.61 10.82 62.70 4.15
2:1 1% 25 0.62 7.68 53.46 2.55
1:1 1% 110 0.61 8.10 52.53 2.62

Table S3. Photovoltaic performance of the TPADPP,Py-based OPV cells.
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Fig. S4. J-V characteristics of the TPADPP,Py/PC;BM based OPV cells under
AM.1.5G illumination (100 mW/cm?). (a) D/A ratio optimization; (b) DIO
optimization; (c) annealing temperature optimization. The optimized condition is D/A

ratio of 1:1 with 1% DIO without annealing.

6. The comparison of the photovoltaic performance of DPP,Py and other

reported DPP,Ar analogies.

Table S4. The comparison of photovoltaic performance of DPP,Py/PC;BM and
other DPP,Ar/PC7,BM based OPV cells.

SMs Voc(V)  Jsc(mA/cm?)  FF (%)  PCE (%) Hn(cm?/Vs) Reference
DPP,Py?¢ 0.85 11.13 60.07 5.67 8.47 x 10 This work
DPP,An? 0.82 11.90 55.40 5.44 4.02 x 104 Our previous work!
DPP,Nab 0.87 9.5 53 44 1.1 x103 Jo’s work?
DPP,Phd 0.93 9.09 47 4.01 8.8 x 107 Jo’s work3
DPPyd 0.84 7.40 37 2.31 6.0 x 103 Jo’s work3

21% DIO; 20.5% DIO; ¢ annealed at 110 °C; dannealed at 120 °C.
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Fig. S5. Graphical comparison of DPP,Py/PC;BM and other DPP,Ar/PC; BM
based OPV cells

. The film morphologies of SMs/PC;;BM-based OPV cells under optimized

conditions.
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8. NMR and MS spectra of SMs
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Fig. S7. '"H NMR spectrum of DPP,Py.
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Fig. S8. TOF-MS spectra of DPP,Py.
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