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Materials and Methods. THF, diethyl ether, acetonitrile and toluene were distilled from appropriate
drying agents and stored over molecular sieves under argon. All other reagents were used as received
except where noted. 2,6-Dibromonaphthalene-1,4,5,8-tetracarboxylic acid dianhydride 7 was prepared by
a published procedure' known to produce a mixture of brominated products and used without purification.
3,3’-Dibromo-2,2’-bithiophene > was prepared via published procedure. Unless otherwise stated, all
manipulations and reactions were carried out under argon atmosphere using standard Schlenk techniques.
'H and "C spectra were recorded on a Varian INOVA 400MHz spectrometer (purchased under the CRIF
Program of the National Science Foundation, grant CHE-9974810). Chemical shifts were referenced to
residual protio-solvent signals. GC-MS data were collected from an Agilent technologies 6890N GC with
5973 MSD. Relative molecular weights of polymers were measured using a Waters 600E HPLC system,
driven by Waters Empower Software and equipped with two linear mixed-bed GPC columns (American
Polymer Standards Corporation, AM Gel Linear/15) in series. Eluting polymers were detected with both
refractive index and photodiode array detectors and the system was calibrated with 11 narrow PDI
polystyrene samples in the range 580 to 2 x10° Da with THF at a flow rate of 1mL/min. Melting points
are reported as the endothermic maxima of 1% order transitions detected by differential scanning
calorimetry (Mettler 822°, heating rate = 10 © C/min, nitrogen purge). UV-vis-NIR data were recorded on
an HP8452 B photodiode array spectrophotometer or Varian Cary 1 UV-Visible spectrometer.
Photoluminescence data were recorded on a Fluorolog-3 fluorometer. Elemental analysis was performed
by Robertson Microlit Laboratories. Cyclic voltammetry measurements of polymers were carried out
under nitrogen atmosphere using a BAS-CV-50W voltammetric analyzer with 0.1 M tetra-n-
butylammonium hexafluorophosphate in acetonitrile as supporting electrolyte. A platinum disk working
electrode, a platinum wire counter electrode and silver wire reference electrode were employed and
Fc/Fc" was used as internal reference for all measurements. The scan rate was 50mV/S. Polymer films
were produced by drop casting from 0.2 % (w/w) toluene solutions. CV measurement of N,N’-bis(2-
ethylhexyl)-naphthalene-1,4,5,8-tetracarboxylic acid diimide (NBI) was carried out in 0.02 % (W/w)
dichloromethane. The supporting electrolyte solution was thoroughly purged with N, before all CV
measurements. WAXD data of polymers were collected on Bruker-Nonius X8 Proteum (purchased under
NSF MRI program grant number 0319176) using an area detector and extruded, oriented fibers mounted
perpendicular to the incoming beam. The fibers were produced with a home-built, thermally equilibrated
piston-actuated extruder (0.5 mm orifice).



Synthetic Procedures.
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2-decyl-1-tetradecylbromide 4. A solution of triphenylphosphine (50 g, 0.191 mol) in 300 ml
dichloromethane was sparged with argon for 15 minutes at 0 °C, followed by addition of Br, (9.77 ml,
0.191 mol) at room temperature. After 2-decyl-1-tetradecanol (80.31 ml, 0.191 mmol) was added
dropwise via additional funnel over 30 minutes, the reaction solution was stirred at room temperature
overnight under argon. Dichloromethane was evaporated, and the concentrate filtered with pentane wash.
The filtrate was concentrated via rotary evaporation and the resulting crude yellow oil was purified via
column chromatography (silica gel, 4:1 hexane/dichloromethane). The title compound was isolated as
colorless oil (74.97 g, 94 %). '"H NMR (400MHz, CDCl3) &: 3.43 (d, 2H), 1.57 (m, 1H), 1.24 (m, 40H),
0.86 (m, 6H). "C NMR (100MHz, CDCl3) &: 39.95, 39.71, 32.78, 32.16, 30.01, 29.90, 29.87, 29.82,
29.60, 26.78, 22.92, 14.35 (Note: some peaks in'>’C NMR spectrum overlap). GC-MS: m/z: 336 (M-
HBr)", 57 (100%).
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N-(2-decyltetradecyl)phthalimide 5. Potassium phthalimide (7.5 g, 0.0404 mol) was added to a solution
of 2-decyl-1-tetradecylbromide (15.7 g, 0.0376 mol) in 45 ml dry DMF. The reaction was stirred for 16
hours at 90 °C. After cooling to room temperature, the reaction mixture was poured into 150 ml water and
extracted with dichloromethane (3 x 100 ml). The combined organic layers were washed with 200 ml 0.2
N KOH, water, saturated ammonium chloride, dried over anhydrous MgSQO,, and concentrated under
reduced pressure. The resulting crude yellow oil was purified via column chromatography (silica gel:
dichloromethane) giving 5 as a pale yellow oil (17.83 g, 98 %). 'H NMR (400MHz, CDCl;) &: 7.81 (m,
2H), 7.68 (m, 2H), 3.54 (d, 2H), 1.84 (m, 1H), 1.25 (m, 40H), 0.85 (m, 6H). *C NMR (100MHz, CDCl5)
d: 168.90, 133.99, 132.32, 123.33, 42.50, 37.21, 32.12, 31.66, 30.15, 29.88, 29.87, 29.85, 29.83, 29.80,
29.55, 29.54, 26.48, 22.89, 14.32 (Note: some peaks in"’C NMR spectrum overlap). GC-MS: m/z: 483
(C3Hs3NO, ), 161 (100%).
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2-decyl-1-tetradecylamine 6.> N-(2-decyltetradecyl) phthalimide (10 g, 0.021 mol), hydrazine hydrate
(hydrazine, 51 %) (4 ml, 0.065 mol) and 100 ml methanol were stirred at 95 °C and monitored by TLC.
After disappearance of the starting imide, the methanol was evaporated under reduced pressure, the
residue diluted with 100ml dichloromethane and washed with 10 % KOH (2 x 50 ml). Aqueous layers
were combined and extracted with dichloromethane (3 x 20 ml). The combined organic layers were
washed with brine (2 x 50 ml) and dried over MgSQO,. The removal of dichloromethane afforded a yellow
oil as product which was used in NBI synthesis without further purification. 'H NMR (400MHz, CDCl;)
8: 4.44 (br, 2H), 2.65 (d, 2H), 1.45 (m, 1H), 1.22 (br, 40H), 0.84 (m, 6H). >*C NMR (100MHz, CDCl;)
45.33, 41.01, 32.09, 31.71, 30.28, 29.86, 29.54, 26.96, 22.86, 14.26 (Note: some peaks in’C NMR
spectrum overlap). GC-MS: m/z: 352 (M-H)", 55 (100%).
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3a: R = 2-ethyl-hexyl

3b: R = 2-decyl-tetradecyl
NBI monomers 3: Bromination' of commercially available naphthalene-1,4,5,8-tetracarboxylic acid
dianhydride (NDA) gave compound 7 as part of a mixture of brominated NDAs which was used without
further purification for the synthesis of monomers 3.
Monomer 3a: A flask was charged with 7 (3.0 g, 7.04 mmol assuming pure 7), 2-ethyl-hexyl amine (3.64
g, 28.16 mmol) and 80 mL glacial acetic acid and the whole stirred at 120 °C under argon. When all
solids were dissolved, approximately 60 mL of the acetic acid was evaporated, and the concentrate was
added to 200 ml methanol. The resulting reddish solid was collected by filtration, washed with methanol,
and dried under reduced pressure. The crude product was then purified via column chromatograph (silica
gel, dichloromethane). The resulting orange solid was further purified via recrystallization from hexanes
to give 3a as yellow crystals (2.65 g, 58 % assuming pure 7). 'H NMR (CDCls, 400 MHz, ppm): & 8.97 (s,
2H), 4.13 (m, 4H), 1.92 (m, 2H), 1.31 (m, 16H), 0.86 (m, 12H). *C NMR (CDCl;, 100 MHz, ppm): &
161.42, 161.25, 139.38, 128.58, 127.96, 125.48, 124.28, 45.35, 37.97, 30.82, 28.74, 24.17, 23.29, 14.30,
10.78. mp: 246 °C. Anal. Calcd for C30H;36Br,N,Oy: C, 55.57; H, 5.60; N, 4.32. Found: C, 55.72; H, 5.42;
N, 4.18.
Monomer 3b: Prepared isolated using the same procedures as for 3a, but from 7 and 6, giving 3b as a
yellow solid (52 % assuming pure 7). 'H NMR (CDCl;, 400 MHz, ppm): & 8.97 (s, 2H), 4.12 (d, 4H),
1.97 (m, 2H), 1.21 (m, 80H), 0.85 (m, 12H). >C NMR (CDCl;, 100 MHz, ppm): & 161.39, 161.24, 139.38,
128.59, 127.97, 125.50, 124.30, 45.67, 36.68, 32.15, 31.77, 30.25, 29.87, 29.82, 29.67, 29.59, 29.57,
26.55, 22.92, 14.35 (Note: some peaks in *C NMR spectrum overlap). mp: 94 °C. Anal. Calcd for
CesxHi90BraN,Oy: C, 67.86; H, 9.19; N, 2.55. Found: C, 68.10; H, 9.47; N, 2.28.
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2,5-bis(tributylstannyl)thiophene 1:* n-Butyl lithium (8.8 ml 2.5 M in hexane, 22 mmol) was added
dropwise -78 °C to thiophene (0.84 g, 10 mmol) in 20 ml dry THF and the whole was stirred at -78 °C for
1 hour, followed by 1 hour at room temperature. After cooling to -78 °C, tributyltin chloride (7.2 g, 22
mmol) was added in one portion and the whole was warmed to room temperature and stirred for 1 hour.
The reaction mixture was diluted with ethyl acetate (50 mL) and washed with water (2 x 20 ml) and brine
(2 x 20 ml) and dried over MgSQO,. After concentration by rotary evaporation, the residue was purified by
column chromatography (alumina, 95:5 hexane:triethyl amine) to give monomer 1 as a colorless liquid
(5.8 g, 88 %). 'H NMR (CDCl;, 400 MHz, ppm): & 7.33 (s, 2H), 1.56 (m, 12H), 1.32 (m, 12H), 1.08 (m,
12H), 0.88 (m, 18H). °C NMR (CDCl;, 100 MHz, ppm): & 141.98, 135.94, 29.22, 27.50, 13.90, 11.09.
Anal. Calcd for C,3Hs56SSn,: C, 50.78; H, 8.52. Found: C, 51.08; H, 8.47; N, <0.02.
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5,5’-bis(tributylstannyl)-2,2’-bithiophene.” Monomer 2a was prepared and isolated as a colorless oil
using the same procedure as 1 but from commercially available 2,2’-bithiophene. (86 %). 'H NMR
(CDCl;, 400 MHz, ppm): & 7.27 (d, 2H), 7.03 (d, 2H), 1.56 (m, 12H), 1.33 (m, 12H), 1.09 (m, 12H), 0.88
(m, 18H). >C NMR (CDCls;, 100 MHz, ppm): & 143.22, 136.38, 136.27, 124.89, 29.18, 27.48, 13.89,
11.07. Anal. Calcd for C3,Hs3S,Sn,: C, 51.63; H, 7.85. Found: C, 52.00; H, 8.03; N, < 0.02.
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3,3’-didodecyl-2,2’-bithiophene 8.> Known compound 8 was prepared and isolated via the published
procedure (Kumada coupling of dodecyl magnesium bromide and 3,3’-dibromo-2,2’-bithiophene) as a
colorless solid (92 %) after column chromatography. '"H NMR (CDCls;, 400 MHz, ppm): & 7.26 (d, 2H),
6.94 (d, 2H), 2.47 (t, 4H), 1.51 (m, 4H), 1.23 (m, 36H), 0.87 (t, 6H). °C NMR (CDCls, 100 MHz, ppm): &
142.56, 128.93, 128.74, 125.43, 32.15, 30.94, 29.91, 29.89, 29.79, 29.67, 29.65, 29.59, 29.00, 22.92,
14.35 (Note: two peaks in BC NMR spectrum overlap). mp: 52 °C. GC-MS: m/z: 502 (C3Hs4S,), 502
(100%).
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5,5’-bis(tributylstannyl)-3,3’-didodecyl-2,2’-bithiophene 2b. Monomer 2b was prepared and isolated
as a colorless oil using the same procedures employed for monomer 1. (82 %). '"H NMR (CDCl;, 400
MHz, ppm): & 6.96 (s, 2H), 2.51(t, 4H), 1.56 (m, 16H), 1.27 (m, 48H), 1.08 (m, 12H), 0.88 (m, 24H). "*C
NMR (CDCl;, 100 MHz, ppm): 6 142.78, 137.31, 136.31, 135.38, 32.17, 31.23, 29.96, 29.94, 29.91,
29.89, 29.80, 29.74, 29.62, 29.21, 28.98, 27.49, 22.93, 14.35, 13.92, 11.01. Anal. Calcd for CssH;0sS,Sn,:
C, 62.22; H, 9.88. Found: C, 62.59; H, 9.84; N, < 0.02.
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3,3’-(2-ethyl-hexyl)-2,2’-bithiophene 9. Compound 9 was prepared as a colorless liquid following the
same procedures employed for compound 8, but using 2-ethylhexyl magnesium bromide (90 %). 'H NMR
(CD,Cl,, 400 MHz, ppm): & 7.30 (d, 2H), 6.94 (d, 2H), 2.43 (d, 4H), 1.52 (m, 2H), 1.21 (m, 16H), 0.83 (t,
6H), 0.75 (t, 6H). °C NMR (CD,Cl,, 100 MHz, ppm): & 142.15, 129.93, 129.58, 125.58, 40.88, 33.56,
33.23,29.32,26.35, 23.55, 14.44, 11.08. GC-MS: m/z: 390 (C24H3.S,"), 193 (100%).
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5,5’-bis(tributylstannyl)-3,3’-bis(2-ethylhexyl)-2,2’-bithiophene 2c. 2c was prepared and isolated as a
colorless oil using the same procedures as 1. (92 %). 'H NMR (CDCls, 400 MHz, ppm): & 6.90 (s, 2H),
2.44 (d, 4H), 1.56 (m, 14H), 1.32 (m, 12H), 1.12 (m, 28H), 0.88 (t, 18H), 0.81 (t, 6H), 0.72 (t, 6H). *C
NMR (CDCl;, 100 MHz, ppm): & 141.88, 137.89, 136.01, 135.81, 40.60, 33.07, 32.90, 29.20, 29.00,
27.46, 26.05, 23.23, 14.34, 13.90, 10.98. Anal. Calcd for C4sHgoS,Sn,: C, 59.51; H, 9.36. Found: C, 59.73;

H, 9.60; N, <0.02.
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3-dodecyloxythiophene 10. A mixture of 3-methoxythiophene (6.00 g, 52.60 mmol), 1-dodecanol (23.54
ml, 105.2 mmol), p-toluenesulfonic acid monohydrate (1.00 g, 0.1 eq) and 50 ml toluene was heated in a



130 °C bath for 15 hours under argon. After dichloromethane/water extraction, the organic layer was dried
over MgSO,. After solvent evaporation, the residue was purified by column chromatography (silica gel
3:1 hexane:dichloromethane) to give 10 as a colorless solid ( 8.75 g, 62 %). 'H NMR (CDCl;, 400 MHz,
ppm): & 7.15 (dd, 1H), 6.74 (dd, 1H), 6.21 (dd, 1H), 3.92 (t. 2H), 1.75 (m, 2H), 1.43 (m, 2H), 1.26 (m,
16H), 0.87 (t, 3H). *C NMR (CDCls;, 100 MHz, ppm): & 158.29, 124.70, 119.76, 97.16, 70.50, 32.14,
29.88, 29.85, 29.82, 29.79, 29.61, 29.57, 29.49, 26.27, 22.91, 14.34. mp: 35 °C. GC-MS: m/z: 268
(C16Hx0S8"), 100 (100%).
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2-bromo-3-dodecyloxythiophene 11. NBS (1.78 g, 10 mmol) was added in one portion to 10 (2.69 g, 10
mmol) in 20 ml DMF at 0 °C and the whole was warmed to room temperature and stirred for 15 hours.
The reaction mixture was diluted with ether (50 ml) and washed with water (2 x 20 ml). The organic layer
was dried over MgSQO,, concentrated under reduced pressure, and the residue subjected to column
chromatography (silica gel, pentane) to give 11 as a colorless solid (3.06 g, 88 %). '"H NMR (CDCls, 400
MHz, ppm): § 7.16 (d, 1H), 6.72 (d, 1H), 4.01 (t, 2H), 1.73 (m, 2H), 1.43 (m, 2H), 1.25 (m, 16H), 0.86 (t,
3H). "C NMR (CDCl;, 100 MHz, ppm): § 154.77, 124.31, 117.71, 91.78, 72.46, 32.13, 29.87, 29.85,
29.79, 29.76, 29.69, 29.56, 29.54, 26.02, 22.90, 14.33. mp: 48 °C. GC-MS: m/z: 346 (C;¢H,,BrOS"), 180
(100%).
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3,3’-bis(dodecoxy)-2,2’-bithiophene 12. A mixture of bis(1,5-cyclooctadienyl)nickel (0) (2.0 g, 7.27
mmol), 2,2’-dipyridyl (1.14 g, 7.27 mmol), 1,5-cyclooctadiene (0.59 ml, 4.84 mmol) and 20 ml
anhydrous DMF was stirred at 80 °C for 1 hour under argon. To this solution, 11 (1.68 g, 4.84 mmol) in
30 ml toluene was added slowly via cannula at room temperature. The resulting reaction mixture was
stirred at 80 °C overnight. The reaction mixture was diluted with dichloromethane and washed with 10 %
HCI, brine and dried over MgSQO,. After concentration under reduced pressure, the residue was subjected
to gradient column chromatography (silica gel, 1:0 — 3:1 hexane:DCM) to give 12 as a pale yellow solid
(1.06 g, 82 %). '"H NMR (CDCls, 400 MHz, ppm): & 7.04 (d, 2H), 6.81 (d, 2H), 4.06 (t, 4H), 1.81 (m, 4H),
1.49 (m, 4H), 1.24 (m, 32H), 0.85 (t, 6H). °C NMR (CDCl;, 100 MHz, ppm): & 152.15, 121.81, 116.25,
114.31, 72.20, 32.14, 29.92, 29.89, 29.88, 29.83, 29.79, 29.58, 26.26, 22.92, 14.35 (Note: two peaks in
B3C NMR overlap). mp: 69 °C. GC-MS: m/z: 534 (C3,Hs40,S,"), 534 (100%).
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5,5’-bis(tributylstannyl)-3,3’-bis(dodecoxy)-2,2’-bithiophene 2d. 2d was prepared and isolated as a
pale yellow oil using the same procedures as for monomer 1 (86 %). 'H NMR (CDCls, 400 MHz, ppm):
0 6.81 (s, 2H), 4.08 (t, 4H), 1.83 (m, 4H), 1.56 (m, 16H), 1.30 (m, 44H), 1.07 (m, 12H), 0.88 (m, 24H).
C NMR (CDCls, 100 MHz, ppm): & 153.94, 132.72, 124.01, 120.44, 72.13, 32.15, 30.10, 29.98, 29.95,
29.91, 29.78, 29.61, 29.19, 27.48, 26.46, 22.92, 14.35, 13.93, 10.96 (Note: two peaks in *C NMR
overlap). Anal. Calcd for CssH,06S,Sn,: C, 60.43; H, 9.60. Found: C, 60.06; H, 9.70; N, < 0.02. (Note: 2d
is not stable in air at room temperature, but could be stored in a -15 °C refrigerator under argon.).

General Procedure for Polymerization. To an air-free flask, monomer 1 or 2 (0.2 mmol) and 3a or 3b
(0.2 mmol) were added under argon followed by tris(dibenzylideneacetone) dipalladium (0) and tri(o-



tolyl)phosphine (1:8 molar ratio between Pd,(dba); and P(0-tolyl);; Pd loading: 0.03 equiv). The flask and
its contents were subjected to 3 pump/purge cycles with argon followed by addition of anhydrous,
degassed THF (4 ml) via syringe. The sealed reaction mixture was stirred at 80 °C for two days. After
cooling to room temperature, the deeply colored reaction mixture was dripped into 100 ml vigorously
stirred methanol (containing 5 ml 12 M hydrochloride acid). After stirring for 4 hours, the precipitated
solid was collected by centrifugation and decantation. The solid polymers were redissolved in chloroform
and reprecipitated into methanol. After filtration and drying under reduced pressure, the polymers were
subjected to sequential Soxhlet extraction. For polymers P1 and P2c, the sequential solvents were
methanol, acetone and chloroform; for polymers P2a, P2b, P2d, the sequential solvents were methanol,
acetone, hexane and chloroform. Finally, the polymer solution in chloroform was concentrated to
approximately 20 ml and the polymers precipitated into 100 ml methanol, collected by centrifugation and
dried under reduced pressure. See Table 1 in main text for yields, melting points, molecular weights.

P1: Deep violet solid. '"H NMR (CDCls, 400 MHz, ppm): & 8.95 (s, 2H), 7.43 (s, 2H), 4.13 (brs, 4H), 2.01
(brs, 2H), 1.20 (m, 80H), 0.83(m, 12H). *C NMR (CDCl;, 100 MHz, ppm): § 162.67, 162.60, 143.79,
139.65, 137.02, 129.46, 127.91, 125.81, 123.38, 45.32, 36.73, 32.14, 31.82, 30.36, 29.93, 29.89, 29.58,
26.65,22.91, 14.34 (Note: some peaks in BC NMR overlap). Anal. Calcd for Cs¢H02N,04S (%): C, 77.75;
H, 10.08; N, 2.75. Found (%): C, 77.44; H, 10.55; N, 2.46.

P2a: Deep blue-green solid. "H NMR (C,DyCly, 130 °C, 400 MHz, ppm): & 8.91 (s, 2H), 7.43 (s, 4H),
4.22 (brs, 4H), 2.13 (brs, 2H), 1.39 (m 80H), 0.94 (m, 12H). Anal. Calcd for C;0H;04N,O04S; (%): C, 76.31;
H, 9.51; N, 2.54. Found (%): C, 76.43; H, 9.80; N, 2.33. Note: Due to aggregation, no ">C signals arising
from the polymer backbones could be observed after collecting at 130 °C for 12 hours.

P2b: Deep blue solid. 'H NMR (CDCls, 400 MHz, ppm): & 8.85 (s, 2H), 7.27 (s, 2H), 4.14 (brs, 4H), 2.74
(brs, 4H), 1.97 (t, 2H), 1.71 (brs, 4H), 1.31 (m, 52H), 0.92 (m, 18H). *C NMR (CDCl;, 60 °C, 100 MHz,
ppm): 6 163.02, 162.75, 143.50, 141.10, 140.22, 136.77, 132.07, 130.94, 127.89, 125.82, 123.25, 45.02,
38.42, 38.31, 32.18, 31.30, 31.14, 31.08, 30.00, 29.93, 29.86, 29.69, 29.66, 29.60, 29.08, 24.58, 23.33,
22.90, 14.27, 11.02, 10.96. Aanl. Calcd for C¢HgsN,O4S, (%): C, 75.26; H, 8.96; N, 2.83. Found (%): C,
74.98; H, 9.11; N, 2.84.

P2c: Deep violet solid. "H NMR (CDCls, 400 MHz, ppm): 8.82 (s, 2H), 7.21 (s, 2H), 4.10 (brs, 4H), 2.65
(brs, 4H), 1.94 (m, 2H), 1.67 (m, 2H), 1.28 (m, 32H), 0.86 (m, 24H). *C NMR (CDCls, 100 MHz, ppm):
0 163.00, 162.56, 142.66, 140.84, 140.09, 136.71, 132.40, 131.13, 127.76, 125.59, 123.13, 44.88, 40.75,
38.03, 33.68, 33.01, 31.00, 29.21, 28.90, 26.03, 24.25, 23.34, 23.30, 14.40, 14.33, 11.09, 10.88. Anal.
Calcd for Cs4H7oN,O4S, (%): C, 73.93; H, 8.27; N, 3.19. Found (%): C, 74.04; H, 8.51; N, 2.96.

P2d: Deep green solid. '"H NMR (C,D,Cl,, 130 °C, 400 MHz, ppm): & 8.95 (s, 2H), 7.32 (s, 2H), 4.33 (t,
4H), 4.24 (brs, 4H), 2.14 (brs, 2H), 2.05 (m, 4H), 1.67 (m, 4H), 1.40 (m, 112H), 0.94 (m, 18H). Anal.
Calcd for CosH;5:N,06S, (%): C, 76.78; H, 10.42; N, 1.91. Found (%): C, 76.69; H, 10.70; N, 1.66. Note:
Due to aggregation, no "*C signals arising from the polymer backbones could be observed after collecting
at 130 °C for 12 hours.
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Figure S2."°C NMR spectrum of 3a (r.t., in CDCls, *: solvent)



S50

Il

fint

Lt
A

LS

158

Y eWaY;
\
o v / o @
K4 I
& @
Q

J3m

Jam

ppm (t1%

Figure S3."H NMR spectrum of 3b (r.t., in CDCl;, *: solvent, #: H,0)

Sl
R
8562
56T
A5 62
196D
[
96T
ST0E
LR
GIE
8958
295k

15'9L
ETdL
854l

Vo WU

T el
G149

- — -|I|uv
R
5 N
i Hm = %
L oo o
Clﬂ ) ,\ ) f
-z )= 2\ %
\vl// %TA, Yc
0 \» o) 4
N S J—
—_——
—
3

o

Figure S4. °C NMR spectrum of 3b (r.t., in CDCl;, *: solvent)

=

I
100

ppm (t1}



2 88 2x 8 B
[ —— e = e O
Eiu38|1--.._“/5\h\_..-5nl3u3
1
|
|
|
&
e il
= BB =
= 2 553
——— — 7 ———
7.0 6.0 5.0 4.0 1.0
ppm (i1}
Figure S5."H NMR spectrum of 1 (r.t., in CDCls, *: solvent)

\

3

BuzSn—_~ S SnBus

)

ppm (1}

100

Figure S6."°C NMR spectrum of 1 (r.t., in CDCls, *: solvent)



727
726
724

703
703

1.56
1.56
134
132
1.09
1.09
nas

IRd
Bus5Sn 5 S SnBus
2a
i
*
|
ﬂ I
o L L
== HE S e
= =22 E 3
| T T T | T T | T T T T | T T T T I T T T T | T T T T I T T T T | T T T T I T
7.0 5.0 5.0 4.0 3.0 2.0 1.0 0.0
ppm (t1) |
Figure S7. H NMR spectrum of 2a (r.t., in CDCl;, *: solvent)
N % & % Wy 0 o o oo L=l
o] oo =+ e — = ==
S B & s

T 7

Y%

A

2a

BuaSn SnBug

I
150
ppm (t1)

100 50

Figure S8."°C NMR spectrum of 2a (r.t., in CDCls, *: solvent)

10



& = o HE8E 8 8 8
n-CyoHzs
Y S.__-5nBus
BueSn"J‘:\S/I’_/\ _l"II/
n-C1oHas 2b If
|
. I /
*
J
- L [N ) S
S Z S
S = B @ 38
L e B e s e L me e e L e e s S e e Sy e S
7.0 6.0 5.0 4.0 3.0 2.0 1.0
- 1 .
Figure S9. H NMR spectrum of 2b (r.t., in CDCls, *: solvent)
E o ] W = e 0 OH DO N @ @ W —
= 0 o0 m = N -— mmmmmmmmw I'\— N 'ﬁ'f"—) -—
- = — — ~ ~ O I NSNS NN e e
|
/.'J—C,—-Hnﬁ
' S _-3nBus
LN T
BUESH"J\S B II I
|".‘-C1:Hl:5 2b
|
|
b 1 |
|
1
|
\ LU
T T T T T T T T T T T T T T T T
100 50 o

ppm (1)

Figure S10. °C NMR spectrum of 2b (r.t., in CDCls, *: solvent)



7.24
.90
245
243

\‘:

{

p
——~3nBusz

AR S
BUESH"“\S/' <\__1',|

2¢ ¢

N

00 { =

— !

[ —_ —= ka3 =

S R = =iy

= B 8 s 37
— T L S s S S S S Sy B s S S S SR S S S Sy B B S S N e
7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

ppm (11}
. 1 .

Figure S11. 'H NMR spectrum of 2¢ (r.t., in CDCI;, *: solvent)
B 8Ex - o R o — R R R R R ==~
= =& E SR 88 8 amaa
T oEE S F EHIZIFR A BZTEES

=

L g !
—_~3nBus

IR S
'/ -
BUQS|1"“\S)_<\__ ll.'

2c ¢

\ 1 1

i L

T T T T T T T T T T T T T T T T
100 50 o

Figure S12.°C NMR spectrum of 2¢ (r.t., in CDCls, *: solvent)

ppm (1}



13

880

a
gt B
A |/

6z
o]
95—

8
B —

a0y

=

r
AN NN NN Y

5~ ~SnBu,

e
N

BuSn-_ -

129

¥l

\
S\_ﬁ,,\of\\ R T

H_y 390

Faom

ppm (1}

Figure S13.'H NMR spectrum of 2d (r.t., in CDCls, *: solvent)

ElEd
[N
ETdL
GedL

Prozl
Wvek

ZLTEL

PEES)

— .
— h
=5
@
=
0
{ T
[ A/s N

R T e
\
S\_ﬁ,,\o;\/\}{\ N NP N
.T.hu_
c
]
[ ——l
-
@ p—
]
-
-—

I
100

Figure S14."°C NMR spectrum of 2d (r.t., in CDCls, *: solvent)

ppm (t1}



- o= - _ oo o e
oo - - -t o — Lo i }
C1CH21
}—C,‘Hzg
N—*’{"
,f—< ]/
<f g, /
N P
I
c 0
CqzHas
* Y
CygH2
|
|
L _.'L_. A
w w s o —_ Y
- i =z N LA
=] w = = o 2
1 — — | e
9.0 8.0 7.0 6.0 5.0 4.0 2.0 1.0 0.0
ppm (11}

| [ ] w0 o
o @ F~ @ =& o ™
oo [ = O3 P W 0
o o = L I I oY I Y )

~
13702

)/

Figure S15. 'H NMR spectrum of P1 (r.t., in CDCl;,

76.91

4532
3673
3214

*: solvent, #: H,O)

382
30.36
2993
2989
29.58
i
14.34

G
29

sy

*
CapHzq |
F—CaaHas
RN—%
oS
N P1
Ci:ﬁzsi !
CgH2 l
I
I
I \ 1
l i A [
' T ' ' ; ; T ' ; T ' ; ' ;
150 100 50
ppm (11}

Figure S16. °C NMR spectrum of P1 (r.t., in CDCls, *: solvent)

14



_ o = o o2 == 02
o =& = ol — s Ll
o [ = -+ o ==
1
CazHzs
#—CaaHzy
Y P
_fN—‘E
o= s
Iy R ” W h N ] B
" W i WA
| —
N>:O P2a
* &
(9]
CapHzq
CazHas

—
PR L =
L
med p- N

0.54
08

v o -
T T B | e | R [ ]
9.0 8.0 7.0 6.0 5.0 4.0 3.0 2.0 1.0
ppm (1) . !
Figure S17. ' H NMR spectrum of P2a (130 °C, in C,D,Cly, *: solvent)
. & 2 B ZT8 B3R F
o [ o = =t Gl = = — O
.'.I
N
CioHas \
F—CapHa
% S
N— Q
(e} = s \.\'F_"l' .
o’}_ Qf P2d
CagHz1
CiaHas 2
| ,.-'"'
*
1 0 |
4 o+ * 2
e —— L T L
[ = [RE] — g Ly = —
= = == B2 B o =
——T T " [ [ T [ [ T
5.0 B0 7.0 5.0 5.0 4.0 3.0 2.0 1.0

Figure S18.'H NMR spectrum of P2d (130 °C, in C,D,Cly, *: solvent)

15



16

- 950}
. L Wil
B30 —. _ L ol
. T [ o .

550 = 0522
- EEET
85T
8062
0962
99'6T
BUAT
95'6T
£F'6T
0008
80lE
prIE
0E'1E
BITE
e
e
sk

! = } s2ra

- T4n
_ Faoo |

|luHA ream |

L b
261

FLT

Y

=
FLE " = T_S L

VEEL
BT 4L
8540

v

STETL
95Tl
63221
PEOE
078

Lragl .
I ohh ——
s ok il
o 05ehl

A
Figure S19. 'H NMR spectrum of P2b (r.t., in CDCls, *: solvent)

P2 Jj/; %

&L

)

A
-, F 183

\

- 51791
2 - 089l N

Fzm -
_ [ @

ppm (t1)

100

Figure S20."°C NMR spectrum of P2b (r.t., in CDCl;, *: solvent)

ppm (t1}




17

990
) ]
miu.
agl
th|/,. HoC
! —
597
Q
. N
e
ok @ 1\.|\|| f|A
— )= .
A"
_ 5 )
v s
\—/\.f,. - N\»//\\)(.\ff
S Oﬂ,,,q\ e \};.,z,,O f/
,,(\,,,x\)\N/_ﬂ KH
(8] &

1L —
Tl S 3
298 -

Tum|

T
s [

F19s

H_, 380 1

189

=200

% 400 [

1.0

Figure S21. "H NMR spectrum of P2¢ (r.t., in CDCls, *: solvent, #: H,0)

20

3.0

4.0

.0

5.0

7.0

2.0

5.0

oom (1

0.0

c,

Iga
ETLL—

5500

I
100

Figure S22."°C NMR spectrum of P2c (r.t., in CDCls, *: solvent)

ppm (1)



Current (10° A)
5]
L

-640 mV
M7 mv

B

574 mV

5 260 mV

Potential (V)

14 =
12 -
10- ol 5
.
6 -826 mV/ ™ P2a
4_- CigHae

2]
0]

Current {‘IoéA)

S L B B e e e e e e e e e e
-18 -16 -14 -12 1.0 -08 06 -04 -02 00 02 04 06 08 1.0

57T mv

FolFc'

5 579 mv 484 mv

-10 < 99 mV

LA D D B B B B B B |
-14 -12 -10 -08 086 -04 02 00 02 04
Potential (V)

859 mV 486 mv

Current (10° A)

154 888 MV 554 mV

—r T 71
0E 08 10

577 mv

FolFc'

P2c

Potential (V)

T T T I r T
-16 -14 -12 10 -08 06 -04 -02 00 02 04 0B 08 10

14
CrgHz " 577 mV
12 - Cg 2
104 o s N
4 AN [ FelFe
g4 -l -382 mv
6 e
. -
o P1
—_
< 4 < CygHp—
- CiHzr 821 mV/
=] 2
= §
= 0 -03:mv
E 2]
4 -
& - 464 my
524 mv
-1108 mv
10 - 941 mv
T L} T T T 1 Ll Ll T T T T 1
16 -14 12 10 -08 06 -04 02 00 02 04 06 08 10
Potential (V)
15—
57T mV
480 mV
10+ E +
815 mv FolFc
5
<
-
2 o
=
c
g 484 mV
3 % GH; ©
© N nCyghhs
o= s
-10 4 omy T Tt
s WO Cats
931 mv o cH, P2b
AT
14 12 10 08 06 -04 02 00 02 04 06 08 10
Potential (V)
14 -
CuHyg O 577 mv
124 M CizHz50
E o . s
104 L s '
1 0 ‘0c.H FelFe
LB N ‘
g] P2a ° e
T 418 my
< 4 -821 mV "
-
o 4
= 24
€ 4
s o
5 4
O 24
4 4
o] 613 mv dEtmV
4 955 mV

Potential (V)

LA B B B B B B N S B B B ma e ]
-16 -14 12 10 08 -06 -04 02 00 02 04 06 08 10

18

Figure S23. Cyclic Voltammograms of NBI and polymers. Conditions: 0.1 M (n-Bu);NPFs in
dichloromethane (NBI); 0.1 M (n-Bu);NPF; in acetonitrile (Polymers); working electrode, Pt; counter
electrode, Ag wire; reference electrode, Ag/AgCl; Scanning rate, 50 mV/s.
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Figure 825 Fiber WAXD diffractograms from polymers P1 and P2a-d. Fiber/polymer backbone axes
approx. vertical.
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Figure S26. Solution (5 x 10° M THF, grey dotted line), pristine film (gray dashed line) and thermally
annealed thin film (black) absorption spectra from polymer P2a.
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Figure S27. Solution absorption spectra of 12 (blue line), N,N’-bis(2-decyltetradecyl)-1,4,5,8-
naphthalene bisimide (green line) and their mixture (red line) showing CT band (1.8 x 10 M in toluene).
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Figure S28. GC chromatograms (total ion count) from GC-MS measurements.
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