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Materials and methods

Chemical reagents were purchased from Sigma-Aldrich Co. Canada, Alfa Aesar Co., TCI
America Co. or Oakwood Products Inc. and were used as received. 4,10-dibromoanthanthrone
was provided as a courtesy of Heubach GmbH as product Monolite Red 316801. The
dibrominated monomer were synthesized according to previous literature.'***>* Solvents used
for organic synthesis were obtained from Fisher Scientific (except THF from Sigma-Aldrich Co.
Canada) and purified with a Solvent Purifier System (SPS) (Vacuum Atmosphere Co.,
Hawthorne, USA). Other solvents were obtained from Fisher Scientific and were used as
received. Toluene (PhMe) and diisopropylamine (DIPA) used for Castro-Stephen-Sonogashira
coupling reactions were degassed 30 minutes prior to use. All anhydrous and air sensitive
reactions were performed in oven-dried glassware under positive argon pressure. Analytical thin-
layer chromatographies were performed with silica gel 60 F254, 0.25 mm pre-coated TLC plates
(Silicycle, Québec, Canada). Compounds were visualized using 254 nm and/or 365 nm UV
wavelength and/or aqueous sulfuric acid solution of ammonium heptamolybdate tetrahydrate (10
g/100 mL H,SO4 + 900 mL H,0). Flash column chromatographies were performed on 230-400
mesh silica gel R10030B (Silicycle, Québec, Canada). 'H and '*C NMR spectra were recorded
on a Varian AS400 apparatus in appropriate deuterated solvent solution at 298 K. Chemical
shifts were reported as values (ppm) relative to internal tetramethylsilane or residual solvent
peak. Signals are reported as m (multiplet), s (singlet), d (doublet), dd (doublet of doublet), t
(triplet), q (quadruplet) and br s (broad singlet) and coupling constants are reported in hertz (Hz).
High-resolution mass spectra (HRMS) were recorded with an Agilent 6210 Time-of-Flight
(TOF) LC-MS apparatus equipped with an ESI or APPI ion source (Agilent Technologies,
Toronto, Canada). UV-visible absorption spectra were recorded on a Varian diode-array
spectrophotometer (model Cary 500) using 10-mm path length quartz cells. DSC and TGA
measurements were done on a Mettler Toledo (DSC 823e and TGA/SDTAS851e). GPC analysis
was performed using a 2X Mixed BLZ GPC in chloroform. All of the cyclic voltammograms
were acquired employing a three-electrode potentiostat. The potential was referenced to an
Ag/AgCl-saturated KCl electrode, and Pt wires were used as the working and counter electrodes.
Acetonitrile with a supporting electrolyte of BuyNPFg (0.1 M) was sparged using argon for 5

min prior to electrochemical measurements. For calculation of vacuum levels, the potentials were
calibrated against a ferrocene/ferrocenium external standard measured at 0.45 V versus the
Ag/AgCl reference electrode. An Anton Paar Monowave 300 microwave apparatus with glass
vial and IR temperature sensor was used for reaction under microwave.

' Thiophene, 2,5-dibromo-3-octyl-: D. Hanne et al., Macromolecules 2010, 43, 10231

?2,1,3-Benzothiadiazole, 4,7-dibromo-: J. Seonyoung et al., ACS APPIL. Mater. Interfaces, 2014, 6, 22884

* 4H-Thieno[3,4-c]pyrrole-4,6(5H)-dione, 1,3-dibromo-5-(2-hexyldecyl)-: A. Najari et al. Macromolecules, 2012, 45, 1833
* 9H-Carbazole, 2,7-dibromo-9-(2-octyldodecyl)-: J. Bea, Kongop Hwahak, 2013, 24, 396

* Pyrrolo[3,4-c]pyrrole-1,4-dione, 3,6-bis(5-bromo-2-thienyl)-2,5-dihydro-2,5-bis(2-octyldodecyl)-: C. Shaoyun et al.

J. Mater. Chem. C,2014,2,2183

¢ Benzo[1,2-b:4,5-b"|dithiophene, 4,8-bis[(2-ethylhexyl)oxy]- Hong II, K. et al. ACS Appl. Mater. Interfaces, 2014, 6, 15875



Monomer synthesis
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Synthesis of compound 1. A round bottom flask equipped with a magnetic stir bar was charged
with dry CH,Cl, (250 mL) and CBry (4.47 g, 13.5 mmol). After dilution of the CBry, the
temperature was lowered to 0 °C using an ice bath and compound 2-octyldodecanal’ (2.00 g,
6.75 mmol) was added. PPh; (7.08 g, 26.7 mmol) was then added in small portions over 15
minutes and the reaction was stirred for 18 hours. The solvent was removed under reduced
pressure and cold ether (50 mL) was added to the crude product. The unreacted PPh; excess
precipitated and was removed by filtration. The solvent was removed under reduced pressure and
the crude product was purified by flash chromatography on silica gel with hexanes as the eluent
to afford compound 1 (2.29 g, 75% vyield) as a translucent oil: '"H NMR (500 MHz, CDCls) &
6.12 (d, J=9.8 Hz, 1H), 2.38 (s, 1H), 1.41 (m, 2H), 1.28 (m, 30H), 0.90 (t, J = 6.9 Hz, 6H). °C
NMR (126 MHz, CDCls) 6 143.77, 87.60, 43.74, 34.52, 31.96, 31.91, 29.78, 29.69, 29.66, 29.60,
29.56, 29.38, 29.35, 27.12, 22.74, 22.71, 14.16, 14.14

i

Synthesis of compound 2. A dry round bottom flask equipped with a magnetic stir bar was
charged with compound 1 (5.50 g, 12.2 mmol) and dry THF (10 mL) under nitrogen atmosphere.
The reaction mixture was cooled to -78 °C using a dry-ice/acetone bath and n-butyllithium (2.4
M in hexanes, 15.2 mL, 36.5 mmol) was added dropwise. After stirring for 1.5 hours, the
reaction was quenched using water (I mL) and the solvents were removed under reduced
pressure. The reaction mixture was diluted with hexanes, washed with water three times and
dried over MgSO,. The solvent was removed under reduce pressure and the crude product was
purified by flash chromatography on silica gel with hexanes as the eluent to afford compound 2
(3.52 g, 99% yield) as a colourless oil: "H NMR (CDCls, 400 MHz):  2.30 (d, J = 2.2 Hz, 1H),
2.02 (d, J=2.4 Hz, 1H), 1.43 (q, J= 6.5 Hz, 6H), 1.31 — 1.24 (m, 26H), 0.91 — 0.86 (m, 6H); "°C
NMR (100 MHz, CDCls) & 88.23, 68.85, 34.99, 31.92, 31.89, 31.51, 29.65, 29.63, 29.59, 29.54,
29.52,29.35,29.31, 27.28, 22.68, 22.67, 14.09.
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TA. Efrem, C.-J. Lim, Y. Lu, S.-C. Ng, Tetrahedron Lett. 2015, 55, 4849



Synthesis of compound 3. A dry round bottom flask equipped with a magnetic stir bar was
charged with triisopropylsilylacetylene (2.42 mL, 1.96 g, 10.8 mmol) and dry THF (43 mL) and
the reaction mixture was cooled to 0 °C using an ice bath. Then, n-butyllithium (2.4 M in
hexane, 4.49 mL, 10.8 mmol) was added dropwise over 10 minutes. After stirring for 20
minutes, 4,10-dibromoanthanthrone (Vat Orange 3, 1.00 g, 2.16 mmol) was added and the
reaction was allowed to stir overnight before a solution of tin(II) chloride dihydrate (2.79 g, 9.27
mmol) in 2.5 mL of aqueous HCI 3M was added. The mixture was stirred for an additional 20
minutes and poured into MeOH (100 mL). The precipitated crude product was recovered by
filtration. Hot chloroform was used to dissolve the crude product and the solution was filtered
again and the solvent evaporated. Recrystallization from hexanes afforded compound 3 (0.940 g,
55% vyield) as an orange solid: '"H NMR (CDCls, 400 MHz) & 9.23 (s, 2H), 9.19 (d, J = 8.2 Hz,
2H), 8.76 (d, J = 7.7 Hz, 2H), 8.37 — 8.28 (m, 2H), 1.47 — 1.31 (m, 42H); °C NMR (125 MHz,
CDCls) & 132.42, 130.71, 130.43, 129.91, 127.37, 126.98, 126.29, 125.51, 123.89, 122.82,
120.75, 116.87, 109.20, 105.58, 103.19, 18.98, 11.61. HRMS (APPI-TOF): m/z calcd for
Ca4Hs0Br2Si, [M+H]+: 793.1896, found 793.1852.

Synthesis of compound 4. A dry microwave vial under argon with a magnetic stir bar was
charged with compound 3 (0.500 g, 0.629 mmol), dry toluene (8 mL), DIPA (2 mL) and
compound 2 (0.552 g, 1.887 mmol) then the mixture was degassed with a flow of N, for 10
minutes. Pd,(dba); (14.4 mg, 0.016 mmol), PPh; (16.5 mg, 0.063 mmol) and Cul (6.0 mg, 0.031
mmol) were then added and the mixture was heated in the microwave reactor for 1 h at 140 °C.
The reaction was allowed to cool to room temperature and was diluted with chloroform, washed
with aqueous saturated NH4Cl solution three times, dried over MgSO4 and the solvent was
removed under reduced pressure. The crude product was purified by flash chromatography on
silica gel with hexanes as the eluent to afford compound 4 (0.58 g, 76% yield) as a bright orange
solid: "TH NMR (400 MHz, CDCl3) & 9.16 (dd, J = 8.2, 1.0 Hz, 2H), 9.04 (s, 2H), 8.81 (dd, J =
7.5, 1.0 Hz, 2H), 8.26 (t, J = 7.9 Hz, 2H), 2.84 (s, 2H), 1.81 — 1.67 (m, 16H), 1.51 — 1.24 (m,
90H), 0.88 (dt, J = 10.0, 6.8 Hz, 12H); °C NMR (100 MHz, CDCl3) & 132.14, 131.07, 131.04,
130.96, 126.74, 125.99, 124.52, 123.66, 122.42, 121.02, 116.83, 104.80, 104.12, 100.10, 80.11,
35.46, 32.99, 31.82, 31.80, 29.63, 29.61, 29.58, 29.55, 29.54, 29.27, 29.22, 27.64, 22.52, 22.49,
18.87, 13.80, 13.78, 11.74. HRMS (APPI-TOF): m/z calcd for CssHi28Si> [M+H]+: 1217.9633,
found 1217.9418.



General procedure for polymerization by Castro-Stephen-Sonogashira coupling

CgHy7

A dry flask under argon with a magnetic stir bar was charged with compound 4 (0.050 g, 0.041
mmol) and dry Toluene (4 mL), TBAF (1.0 M in THF, 0.08 mL, 0.082 mmol) and water (0.05
mL). The reaction was stirred for 5 minutes. DIPA (0.8 mL) (0.041 mmol) and dibromide X
(0.041 mmol) were added and the mixture was degassed with a flow of N, for 10 minutes.
Pd,(dba); (1.9 mg, 0.002 mmol), tri(o-tolyl)phosphine (2.5 mg, 0.008 mmol) and Cul (0.4 mg,
0.002 mmol) were then succinctly added and the reaction was heated at 110 °C. At the end of the
reaction time, bromobenzene (13 mg, 0.082 mmol) was added as a capping agent and the mixture
was heated for one hour, then phenylacetylene (8 mg, 0.082 mmol) was added and the mixture
was heated for an additional hour. The mixture was allowed to cool down to room temperature
and poured into 100 mL of 9:1 solution of methanol and water. The mixture was then filtered to
recover the precipitated polymer. Soxhlet extraction with acetone was used to remove low
molecular weight materials. The polymer was then extracted with chloroform and the solvent
was reduced under pressure to approximately 20 mL. To remove catalytic residues, N,N-
diethylphenylazothioformamide (9 mg, 0.041 mmol) was added as a scavenging agent and the
mixture was stirred for 1 hour. Then the mixture was poured in MeOH (100ml) and the polymer
was recovered by filtration.

Computational Method: DFT calculations were carried out with Gaussian 09 program suite at
the B3LYP/6-311G* level of theory, and the orbital plots are reported at an isovalue of 0.02.

Figure S1: DFT calculated structures and frontier orbitals distribution




PAAT Energy: -1859.66980344 a.u. LUMO -2.56 eV
HOMO -4.87 eV

PAATPD Energy: -2179,90780884 a.u. LUMO -2.83eV
HOMO -5,03 eV

PAADPP Energy: -2980.10661596 a.u. LUMO -2.94 eV
HOMO -4.87 eV

PAABT Energy: -2045.42236498 a.u. LUMO -2.80 eV
HOMO -4.95 eV



PAAC Energy: -1863.49977500 a.u. LUMO -2.53 eV
HOMO -4.84 eV

PAABDT ° °

PAABDT Energy: -2716,88492516 a.u LUMO -2.67 eV
HOMO -4.93 eV

Calculated coordinates
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-15.26398471 -3.89141096 0.19723846
1.39906604 -0.33965846 -0.12228718
0.14610739 -1.15889797 -0.16372517
0.02285537 -2.51494186 -0.31457287

-1.31758401 -2.97683601 -0.31167156

-2.24393589 -1.96808912 -0.15695023

-1.42381157 -0.41465982 -0.01267156

-11.28166900 -1.19922681 0.29840415

-10.54125652 -2.41424623 0.14649828

-9.10901464 -2.34132697 0.09336897

-8.46065837 -1.07870167 0.19180099

-9.22474777 0.12110731  0.34406266

-10.67671209 0.02258332  0.39564900

-7.03396941 -0.99884278 0.13889226

-6.41797090 0.26664205 0.23803934

-7.17313398  1.41331491 0.38486972

-8.56745639 1.34567215 0.43831800

-11.18604778 -3.65873321 0.05023567

-10.41729987 -4.86038008 -0.10118117

-8.98980080 -4.78323308 -0.15452402

-8.34085111 -3.52138831 -0.05648842

-6.90906585 -3.45015913 -0.10982359

-6.26314020 -2.20288008 -0.01316819

-11.03502324 -6.12631745 -0.20004379

-10.28122845 -7.27352007 -0.34664600

-8.88642851 -7.20785991 -0.40040838

-8.22732205 -5.98400846 -0.30663959

-6.77580421 -5.88662667 -0.35862329

-6.17025488 -4.66421013 -0.26154958

-4.85304071 -2.12382024 -0.06448911

227116684 -0.98650641 -0.23738347
1.50600281 0.19772344 0.82502524
1.42842745 0.40439293 -0.92420950
-13.62808230 3.29563717 1.70172955
-13.59831534 3.54555335 -0.04627085
-12.35277503  4.27552160 0.97138988
-4.77947399 -9.81654759 -1.68626802
-4.58485590 -9.91319419 0.06637639
-3.43087408 -8.98956833 -0.90064835
-5.08998158 -4.60723530 -0.30038143
-8.30279141 -8.11361218 -0.51583912
-10.77535549 -8.23701753 -0.42130274
-12.11591571 -6.18448001 -0.15909582
-9.15247253  2.25052795 0.55388037
-6.67952395  2.37696182 0.45972077
-5.33731243  0.32945078 0.19737986
-12.36176284 -1.25904121 0.33685988
-1.60530579 -4.01496036 -0.41940060
0.88044383 -3.16868797 -0.42575290
-15.72143479 -3.36940218 -0.64901608
-15.65383462 -3.43919828 1.11440851
-15.60437020 -4.93055368 0.16905207

asfianiasfasasiasiiasfasiianiasiiasiasiiasiasiiasiasiasiasiiasiiasiianiian

oNoNooNoNoloNo oo NoNoNoNo oo o NoNoNoNoNoNo R 2o NoNoNoNoNe!



-12.60563883 -3.73761179 0.10206279
-3.64080413 -2.05559172 -0.10807988
-13.81088240 -3.81033420 0.14496666
-5.98345732 -7.06240380 -0.51068740
-11.46898727 1.19868939 0.54762024
-5.30931826 -8.05519234 -0.64066566
-4.48860393 -9.24820488 -0.79747988
-12.14369133  2.19103081 0.67728908
-12.96792776 3.38167810 0.83320844
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PAATDP

-5.11497521  2.59819573  0.02840986 H -5.56989948 -7.32845930 -0.92131609
-4.23842871 1.49136034 0.02195377 -8.98733838 -1.58783325 -0.00729183
-2.82806305 1.72846239 0.02378692 -5.58493028 -7.33420686 0.84470296
-2.34239926 3.07353461 0.03226431 -9.23495825 -0.09214136 0.89942924
-3.25034336 4.13055396 0.03851046 -9.23736187 -0.06480536 -0.86662996
-4.62669378 3.88961829 0.03652331 8.94822318 1.05502539 0.01806466
-4.72903797 0.14342132 0.01364024 8.18154737 2.39050437 -0.85772091
-3.83121117 -0.93770658 0.00724591 8.18126082 2.38206836 0.90647245
-2.41635641 -0.69552969 0.00897342 6.71393693 -4.57681103 -0.90528717
-1.92262493  0.63234525 0.01724884 8.17262089 -4.06871955 -0.01404359
-4.29359550 -2.29162565 -0.00114118 6.71210952 -4.58880750 0.86733162
-3.43952366 -3.35881073 -0.00759148

-2.00023239 -3.13827166 -0.00595058

-1.51151497 -1.79425665 0.00240733

-0.50969874 0.87679637 0.01894780

-0.04850646 2.22873228 0.02750107

-0.90406190 3.29641290 0.03409374

-0.10056276 -1.56248271 0.00402970

0.38710317 -0.20862762 0.01232372

-1.09317842 -4.19578303 -0.01228508

0.28296629 -3.95660907 -0.01055257

0.77799293 -2.66676956 -0.00255891

-0.38357353  4.62351149 0.04292383

-3.96032275 -4.68628322 -0.01605822

1.77969473  0.00854677 0.01352257

-6.13218862 -0.09024617 0.01197467

2.98930026 0.12192922 0.01387961

-7.32499361 -0.28232212 0.01061631

0.06403916  5.74442277 0.05063912

0.61370134 7.09300839 0.06011446

-4.40652950 -5.80767739 -0.02337731

-4.95506099 -7.15677372 -0.03243345

-8.76199285 -0.51770929 0.00894784

4.38105314 0.18818568 0.01361709

5.30666147 -0.82779929 0.00657445

6.65445116 -0.39181647 0.00860265

6.83094188 0.95986682 0.01723596

5.25381089 1.73531822 0.02307165

5.28848688 -2.30544173 -0.00290488

6.64866678 -2.68064878 -0.00606357

7.53461967 -1.58579136 0.00046872

8.10327751 1.74387784 0.02130166

436526954 -3.08864642 -0.00726482

8.74225856 -1.66492722 -0.00053677

7.08424114 -4.06499055 -0.01507900

-6.18310494  2.41829479 0.02689665

-2.87565754 5.14738078 0.04494869

-5.31721644 4.72687147 0.04141872

-5.36150487 -2.46788298 -0.00238904

1.01906781 2.40970266 0.02889204

-1.46935399 -5.21212936 -0.01862951

0.97595318 -4.79142428 -0.01555393

1.84957719 -2.50660441 -0.00140044

1.70713210 7.07356822 0.04728418

0.28092951 7.66336373 -0.81248242

0.30133338 7.64255447 0.95338613

-4.16063276 -7.90856468 -0.02813555
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PAADPP
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8.68633516
8.67035067
9.91520528
11.13918760
11.09952375
9.87878587
7.44009326
7.45720622
8.70822326
9.92871396
6.24558268
6.23650724
7.49360272
8.71964914
11.18016179
12.38884909
12.39656841
9.96202821
11.19610802
7.53019141
8.74916385
9.94354569
13.63613903
4.99626855
12.42254805
6.20311911
13.47496608
5.15514049
14.68762343
15.96015368
3.94413866
2.66901555
3.88899110
19.33369278
18.56590977
19.46039231
20.82224568
20.71026606
21.47850072
20.58731538
19.22370482
21.77092650
18.27685347
20.86976521
19.17967786
22.91249661
23.84544742
25.35653359
25.13990139
23.77619526
17.13477192
16.21169746
14.68955768
14.91399074
16.26950377
26.66123438
7.74316779
12.03108643
9.86964973

14.18424595
14.14198511
15.37330839
16.61141059
16.59748556
15.38986979
12.89806874

-1.03917592  0.04596281
0.37262481 0.04129966
1.07705167 0.03361905
0.33743142  0.03078735
-1.05540954  0.03564220
-1.73502931 0.04317751
1.11007165 0.04412726
2.51524357 0.03944616
3.21802384 0.03173072
2.49905255 0.02880598
3.27626976 0.04231476
4.64297399 0.03797458
5.37794689  0.02996954
4.64105465 0.02696710
3.19938880 0.02098351
2.43807212 0.01825335
1.06996576  0.02282479
5.34852892 0.01912030
4.60890220 0.01604716
6.77055032  0.02520595
7.45217565 0.01755072
6.75859621 0.01452492
0.36587993  0.01962253
5.34686778 0.04144896
5.30472469 0.00789924
0.40772614 0.05166896
5.91464068 0.00059708
-0.19347071  0.05808051
-0.22682756  0.01677077
-0.93515866 0.01329439
5.93825394 0.04451806
6.64190104 0.04784341
-0.91262008 0.06592639
8.48984366 -0.03981067
7.32478903 -0.03036411
6.25634588 -0.03036525
6.70671996 -0.03987204
8.14611441 -0.04584108
9.31084512 -0.05568684
10.37933114 -0.05584097
9.92996821 -0.04608178
5.93517371 -0.04149596
10.70295261 -0.04438842
11.80305813 -0.06430925
4.83236374 -0.02156360
9.40144503 -0.06406388
10.90069969 -0.07545424
10.03910499 -0.07975192
8.68495126 -0.07280188
8.31906440 -0.06398680
7.23217720 -0.02230006
5.73337720 -0.01241039
6.60225423 -0.00791168
7.97127964 -0.01384982
8.32234821 -0.02185715
10.77301065 -0.08977028
-1.57183723  0.05185023
-1.60902535 0.03345399
-2.82025968 0.04684816

-11.34946941 -0.00088830
-9.93825079 -0.00075918
-9.21027567 -0.00059288
-9.92563933 -0.00056281

-11.31891143 -0.00069630

-12.02197786 -0.00085642
-9.22409889 -0.00079203
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8.75681152 8.53739002 0.01395448

10.88387635
16.80152244
16.06129237
16.05623238
2.81362275
2.07381799
2.07690690
4.04764875
3.29823930
3.28591394
21.41854409
19.90375051
21.42817993
18.62276833
20.14681543
18.63152145
25.94996052
23.41522738
14.10365003
16.63576629
26.77641013
27.48835218
26.76653266
13.33257861

7.29632136
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Figure S2: Compound 1 "H NMR Spectra:
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Figure S3: Compound 1 °C NMR Spectra:
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Figure S4: Compound 2 "H NMR Spectra:
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Figure S5: Compound 2 °C NMR Spectra:
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Figure S6: Compound 3 "H NMR Spectra:
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Figure S8: Compound 4 "H NMR Spectra:
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Figure S10: Cyclic Voltammogram of PAAT
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Figure S11: Cyclic Voltammogram of PAABT
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Figure S12: Cyclic Voltammogram of PAATPD
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Figure S13: Cyclic Voltammogram of PAAC
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Figure S14: Cyclic Voltammogram of PAADPP
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Figure S15: Cyclic Voltammogram of PAABDT
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Figure S16: Differential scanning calorimetry measurement of PAADPP
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Figure S17: Thermogravimetric Analysis of PAAT
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Figure S18: Thermogravimetric Analysis of PAABT
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Figure S19: Thermogravimetric Analysis of PAATPD
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Figure S20: Thermogravimetric Analysis of PAAC
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Figure S21: Thermogravimetric Analysis of PAADPP
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Figure S22: Thermogravimetric Analysis of PAABDT
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