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1. General measurement and characterization.

'H and 3C NMR spectra were measured by Varian 400 MHz instrument spectrometer
in deuterated chloroform (CDCIl;) with tetramethylsilane as internal reference unless
otherwise stated s and chemical shifts (d) are reported in parts per million. Molecular
weights of the polymers were determined by gel permeation chromatography (GPC)
with a PN5300 of Postnova using THF as a solvent and calibrated with polystyrene
standards. Absorption spectra were taken on a HP8453 UV-vis spectrophotometer.
Differential scanning calorimetery (DSC) was conducted on a TA Q200 Instrument
under nitrogen atmosphere at a heating/cooling rate of 10 °C/min. Thermogravimetric
analysis (TGA) was recorded on a Perkin-Elmer Pyris under nitrogen atmosphere at a
heating rate of 10 °C/min. Electrochemical cyclic voltammetry was conducted on a CH
instruments electrochemical analyzer. A carbon glass was used as the working electrode
and a Ag/AgCl electrode as the reference electrode, while 0.1 M tetrabutylammonium
hexafluorophosphate in acetonitrile was the electrolyte. Cyclic voltammetry (CV)
curves were calibrated using ferrocence as the standard, whose HOMO is set at —4.8
eV with respect to zero vacuum level. The HOMO energy levels were obtained from
the equation HOMO = — (£ — E ferrocene) ™' +4.8) €V. The LUMO levels were
obtained from the equation LUMO = — (Eed®™ " — Eferrocene)”™' +4.8) eV. Grazing-
incidence X-ray scattering (GIXS) experiments were conducted on the SAXS beamline
BL23A in the National Synchrotron Radiation Research Center, Taiwan.5' The samples
were irradiated with an X-ray beam of 10.09 keV energy (wavelength L = 1.23 A) at a
fixed incident angle of 0.2°, and the GIXS patterns were recorded using a C10158DK-
3957(x) 2D flat panel detector (Hamamatsu Photonics KK). The scattering vector ¢ is
defined by 4nA~'sinO with A and scattering angle 260. The polymer films for GIXS

measurement were prepared under identical conditions used for the PSCs devices.
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2. Fabrication and Characterization of OPV Devices.

ITO/glass substrates were ultrasonically cleaned sequentially in detergent, water,
acetone, and isopropyl alcohol. For the inverted architectures, the ZnO precursor
solution was spin-coated onto an ITO-coated glass and followed by thermal annealing
at 170 °C in air for 15 min to crystallize the film (thickness = ca. 50 nm). Subsequently,
each polymer was dissolved in o-dichlorobenzene (0-DCB) and PC7BM (purchased
from UR) was added to reach the desired ratio. The mixture was stirred at 80 °C
overnight. The photoactive layers was then spin-coated on top of the ZnO/ITO at
different spin-coating speed without annealing in a glovebox. The detailed processing
parameters (polymer/o-DCB concentration; spin coating speed/spin coating time) are
shown as follows: PDTBFFBT/ (6 mg/mL; 450 rpm/20 s) and PDTBFNT/ (10 mg/mL;
800 rpm/40 s). A MoOs layer (thickness = ca. 7 nm) and silver top anode (thickness =
ca. 150 nm) were then thermally evaporated through a shadow mask under high vacuum
(<1 x 107® Torr) to complete the inverted devices. Each device is composed of 4 pixels
defined by an active area of 0.04 cm?. Finally, the J-F curves were measured in air
under AM 1.5 G spectrum from a solar simulator.

3. OFET Fabrication.

An n-type heavily doped Si wafer with a SiO, layer of 325 nm and a capacitance of
10.6 nF/cm? was used as the gate electrode and dielectric layer. Thin films (40—60 nm
in thickness) of polymers were deposited on octadecyltrichlorosilane-treated Si0O,/Si
substrates by spin-coating (1000 rpm) their hot CHCI; solutions (10 mg/mL). Thermal
annealing was then conducted at 200 °C for 10 min. Gold source and drain contacts (40
nm in thickness) were deposited by vacuum evaporation on the polymer layer to
complete the bottom-gate/top-contact OFET devices. Electrical measurements of all
OFET devices were carried out at room temperature in air on a 4156C (Agilent

Technologies). The field-effect mobility was calculated in the saturation regime by
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using the equation Iy, = (uWC/2L)(V, — V})?, where Iy is the drain-source current, y is
the field-effect mobility, W is the channel width (1 mm), L is the channel length (100
1 m), C; is the capacitance per unit area of the gate dielectric layer, V, is the gate
voltage, and V; is threshold voltage.

4. Experimental Procedures.

Sn-DTFBT and Sn-DTNT were synthesized as reported.S?

Synthesis of 2. To a degassed toluene (10 mL) solution of compound 1 (1 g, 1.25 mmol)
were added Pd(PPh;),Cl, (35 mg, 0.05 mmol) and 2-tributylstannyl thiophene (0.83
mL, 2.62 mmol). The mixture was stirred for 12 h at 110 °C and water (10 mL) was
then added. The resultant precipitate was collected, dissolved with ethyl acetate (50 mL
x 3), and concentrated in vacuo. The residue was purified by column chromatography
onsilica gel (hexane) to give a transparent oil 2 (445 mg, yield: 50%): 'H NMR (CDCl;,
400 MHz): 0 7.97 (s, 2 H), 7.43 (s, 2 H), 7.42 (d, J=5.0 Hz, 2 H), 7.35 (dd, J =3.6 Hz,
J=1.2 Hz,2 H), 7.15 (dd, J=5.0 Hz, J =3.6 Hz, 2 H), 1.93 (m, 4 H), 1.26-1.07 (m, 20
H), 0.82 (t,J =7 Hz, 6 H), 0.69 (br, 4 H); 3C NMR (CDCl;, 100 MHz): § 150.5, 142.3,
140.5,134.2,128.0, 127.0, 126.3, 126.1, 125.2, 121.5,55.3,39.9, 31.7,29.8, 29.2, 29.1,
23.8,22.6, 14.1; HRMS (EI, C37H44Br,S,™): caled, 712.1231; found, 712.1232.
Synthesis of 3. To a degassed toluene (25 mL) solution of compound 2 (670 mg, 0.94
mmol) and diisoproprylamine (25 mL) were added PPh; (62 mg, 0.24 mmol),
PdCI,(PPhs), (164 mg, 0.24 mmol), Cul (45 mg, 0.24 mmol), and 4-octyl-1-tetradecyne
(864 mg, 2.81 mmol). The reaction mixture was stirred for 3 days at 110 °C. After
cooling to room temperature, the mixture was diluted with water (100 mL), extracted
with ethyl acetate (50 mL x 3), dried over MgSQ,, and concentrated under vacuum.
The residue was purified by column chromatography on silica gel (hexane) to give a
transparent oil 3 (660 mg, yield: 60%): '"H NMR (CDCls, 400 MHz): 6 7.80 (s, 2 H),

7.62 (dd, J=3.6 Hz, J= 1.2 Hz, 2 H), 7.45 (s, 2 H), 7.34 (dd, J=5.2 Hz,J= 1.2 Hz, 2
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H), 7.10 (dd,J=5.2 Hz, J=3.6 Hz,2 H), 2.44 (d, J= 6.8 Hz,4 H), 1.94 (m, 4 H), 1.61
(m, 2 H), 1.42-0.87 (m, 84 H), 0.85 (m, 12 H), 0.80 (t, /= 3.6 Hz, 6 H), 0.67 (br, 4 H);
BC NMR (CDCl3, 100 MHz): 6 150.7, 143.1, 139.2, 134.9, 127.0, 126.6, 125.3, 125.2,
123.3, 120.5, 93.6, 81.5, 55.5, 40.3, 37.3, 33.7, 32.0, 31.8, 30.0, 30.0, 29.7, 29.7, 29.4,
29.2,29.2,27.0, 24.1, 23.8, 22.7, 22.6, 14.1, 14.1; HRMS (FAB, Cg;H26S,™): calcd,
1162.9301; found, 1163.9342.

Synthesis of DTBF. To a degassed N-methyl-2-pyrrolidone (NMP, 2.5 mL) solution
of compound 3 (500 mg, 0.43 mmol) was added 1,8-diazabicycloundec-7-ene (DBU,
0.07 mL, 0.47 mmol). The resulting mixture was refluxed for 3 days, cooled to rt,
diluted with water (20 mL), and extracted with ethyl acetate (10 mL x 3). The combined
organic layer was washed with brine solution (5 mL) and dried over anhydrous MgSQO,.
After filtration, the solvent was removed under vacuum and the residue was purified by
column chromatography on silica gel (hexane) to give a yellow oil DTBF (300 mg,
yield: 60%)."H NMR (CDCls, 400 MHz): 6 8.28 (s, 2 H), 8.00 (s, 2 H), 7.57 (s, 2 H),
7.55(d,J=5.6 Hz, 2 H), 7.53 (d, /= 5.6 Hz, 2 H), 2.97 (d, J = 6.8 Hz, 4 H), 2.20 (m,
4 H), 1.88 (m, 2 H), 1.39-1.00 (m, 88 H), 0.86 (t, /= 6.4 Hz, 12 H), 0.72 (t, /= 6.8 Hz,
6 H); *C NMR (CDCl;, 100 MHz): § 149.4, 139.5, 137.9, 137.7, 134.5, 131.0, 128.0,
125.5, 124.3, 123.6, 118.7, 117.0, 54.9, 42.2, 39.3, 38.7, 33.5, 31.9, 31.7, 30.1, 30.0,
29.7,29.7,29.7,29.4,29.3,29.2,29.2, 26.6, 24.0, 22.7, 22.5, 14.1, 14.0; HRMS (field
desorption (FD), Cg;H26S,™): calcd, 1162.9295; found, 1162.9318.

Synthesis of Br-DTBF. To an anhydrous THF (10 mL) solution of DTBF (200 mg,
0.17 mmol) was added n-butyllithium (0.2 ml, 2.5 M) slowly at —78 °C. The stirring
was continued for 40 min at —78 °C and 1, 2-dibromotetrachloroethane (223 mg, 0.69
mmol) was added. The mixture was warmed to room temperature gradually and stirred
for 12 h. It was quenched with saturated NH4CI solution (10 mL), cooled to room

temperature, and extracted with ethyl acetate (200 mL x 3) and water (200 mL). The
S4



combined organic layer was dried over MgSQO,, filtrated, and concentrated in vacuo. A
transparent oil Br-DTBF was obtained (160 mg, 70%). 'H NMR (CDCls, 400 MHz): 6
8.24 (s,2 H), 7.84 (s, 2 H), 7.53 (s, 2 H), 7.50 (s, 2 H), 2.88 (d, /= 6.8 Hz, 4 H), 2.17
(m, 4 H), 1.84 (m, 2 H), 1.41-0.92 (m, 88 H), 0.89-0.82 (m, 12 H), 0.76-0.70 (m, 6 H);
3C NMR (CDCl3, 100 MHz): 6 149.7, 139.5, 139.0, 137.7, 133.7, 130.8, 127.1, 126 4,
125.8, 118.9, 116.7, 113.0, 54.9, 42.1, 39.1, 38.6, 33.4, 31.9, 31.7, 30.1, 30.0, 29.7,
29.7, 29.4, 294, 29.2, 29.1, 26.5, 24.0, 22.7, 22.5, 14.1, 14.0; HRMS (FD,
Cg1H124Br,S,™): caled, 1318.7505; found, 1318.7488.

Synthesis of PDTBFFBT. To a mixture of Br-DTBF (212 mg, 0.16 mmol), Sn-
DTFBT (106 mg, 0.16 mmol), Pd,(dba); (3.1 mg, 0.003 mmol) and P(o-tol); (4.1 mg,
0.013 mmol) was added 5 mL of chlorobenzene in a glove box protected with N,. The
reaction mixture was then sealed and heated at 145 °C for 2 days. The resultant mixture
was added into methanol dropwise. The precipitate was collected by filtration and
washed by Soxhlet extraction with acetone (24 h) and hexane (24 h), sequentially. The
crude product was re-dissolved in THF (200 mL). After filtration and removal of the
solvent under reduced pressure, the polymer was re-precipitated again from
methanol/THF, collected by filtration, and dried under vacuum for 1 day to give a green
black solid (120 mg, 50%, M, = 7800, PDI = 1.2). 'H NMR (CDCl;, 400 MHz): 6 8.28
(br, 2 H), 7.74-7.46 (br, 10 H), 2.90 (br, 4 H), 2.22-2.16 (br, 6 H), 1.85-1.26 (br, 76 H),
0.87-0.46 (br, 30 H).

Synthesis of PDTBFNT. To a mixture of monomer Br-DTBF (160 mg, 0.12 mmol),
Sn-DTNT (89 mg, 0.12 mmol), Pd,(dba); (2.3 mg, 0.003 mmol) and P(o-tol); (3.1 mg,
0.010 mmol) was added 5 mL of chlorobenzene in a glove box protected with N,. The
reaction mixture was then sealed and heated at 145 °C for 2 days. The resultant mixture
was added into methanol dropwise. The precipitate was collected by filtration and

washed sequentially by Soxhlet extraction with acetone (24 h), hexane (24 h), and THF
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(24 h). The crude product was re-dissolved in chlorobenzene (200 mL). After filtration
and removal of the solvent under reduced pressure, the polymer was re-precipitated
again from methanol/chlorobenzene, collected by filtration, and dried under vacuum
for 1 day to give a green black solid (150 mg, 79%, M, = 14300, PDI = 3.4). 'H NMR
(CDCl;, 400 MHz): ¢ 8.27-8.25 (br, 2 H), 7.97 (br, 4 H), 7.57-7.52 (br, 8 H), 2.97 (br,

4 H), 2.17-1.84 (br, 20 H), 1.40-1.06 (br, 70 H) 0.86-0.74 (br, 22 H).

5. Differential scanning calorimetry (DSC)

Cool —— PDTBFFBT
uolng ——PDTBFNT

__-—-—-__-—-_-‘-"“—-—-_.

T

Heating

Heat Flow

—T T T T T T T T
80 100 120 140 160 180 200 220 240 260 280

Temperature (°C)

Figure S1. Differential scanning calorimetry of PDTBFFBT and PDTBFNT with a

heating/cooling rate of 10 °C/min.
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6. 'H and '3C NMR spectra
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7. Computational details.

Quantum—chemical calculations were performed with the Gaussian09 suiteS3.

Cartesian coordinates (A) of the Gaussian (B3LYP/6-31G(d)) optimized structures
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-1.219694834461

-1.518673569221

0.227027945964

1.223289042298

-1.099094284309

-1.869955836075

-1.361992340836

-2.633259061627

0.995771294227
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0.910330892615
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-3.834507061270
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0.299506143283
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0.776887072143

1.536132236388

-2.787186842938

1.544529344451

0.703215625645

0.780688559864

0.571063966063

0.516533991959

0.535585151210

0.406909929218

0.743555474125

0.493714768185

0.384768179552

0.254406020788

0.716056972286

0.849871580340

0.468355760310

0.281974620635

0.969625743937

-0.736963331452

0.438315857000
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-3.307198271942
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-2.475593937784
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0.719020273810
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1.323475192844
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1.496682878385
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-2.076746385666



a Z o - o o o @=m T T T O

Z

aQ Z O w

zZ

-15.960698018460

-18.259538375378

-16.101749619189

-19.298191312079

-16.031163149249

-17.146215627574

-17.748403051666

-18.408240445368

-20.707032360418
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-1.037519958788

1.233051808964
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0.383061720916
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