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Experimental Section.

Materials and methods: All the reagents, starting materials (Br,, Ni(COD),, COD, 1-
bromonaphthalene, 4,4'-bipyridine etc.), solvents and inorganic salts were purchased from
commercial suppliers and were used without further purification. Solvents were dried as per
the literature procedure prior to use according to the requirements. Thin layer chromatography
(TLC) on silica gel GF2s4 was used for the determination of Rr values, and the visualization
was performed by irradiation with a UV lamp at 254 nm. Column chromatography was
performed on Merck silica gel (100-200 mesh) with the eluent as mentioned. 'H (400 MHz),
'H (500 MHz) and '*C (125 MHz) NMR spectra were recorded in a Bruker 400 UltraShield
and Bruker Ascend-500 NMR spectrometer in deuterated solvents at ambient temperature (300
K). Chemical shifts are reported in ppm (0) relative to tetramethylsilane (TMS) as the internal
standard (CDCl; § 7.26 ppm for 'H and 77.0 ppm for !°C). Matrix-assisted laser
desorption/ionization mass spectrometry was recorded in an Autoflex Speed LRF (Bruker)
instrument. Thermogravimetric Analysis (TGA) was performed on a Pyris Diamond TG DTA
(Perkin Elmer) instrument under argon with 12 °C/min heating rate. Differential scanning
calorimetry was performed in a DSC25 (TA Instruments) at a heating rate of 10 °C in both
exothermic and endothermic scans.

Measurements of Optical Properties: UV-visible absorption spectra were recorded on a
Shimadzu UV-2550 UV-vis spectrophotometer. All three compounds were taken as a solution

in CHCIl; with 10 pM concentration. Optical bandgaps were measured from the equation: E, 3 pt
= 1 240/7\,onset.

Cyclic Voltammetry Experiments: The electrochemical properties were characterized by a
three-electrode cell with a polished 2 mm glassy carbon as the working electrode, Pt as the
counter electrode, and Ag/AgCl as the reference electrode. The electrolytic solution employed
was 0.1 (M) tetrabutylammonium hexafluorophosphate in dry dichloromethane at a scan rate
of 0.05 V/s under an argon atmosphere. The reference electrode was calibrated using a
ferrocene/ferrocenium redox couple as an external standard. The LUMO and HOMO energy
levels of the compounds were determined by using the empirical equation,’

Enomo = -5.1 - [Eox - E1n(Fc/Fc™)] eV
Erumo = Enomo + Eg opt

Theoretical Calculations: The ground states of the molecules were optimized using the
DFT/B3LYP method*? with the 6-31G basis set in Gaussian16.*

Device fabrication methods: Field-effect transistors (FETs) with a bottom-gate, top-contact
(TGBC) configuration were prepared to characterize the electrical performance of rr-
Polyterrylene and ri-Polyterrylene. A highly n-doped (100) Si wafer (< 0.004 Q-cm) with a
thermally grown SiO, (300 nm, C; = 11.5 nF cm™2) was utilized as the substrate and gate
dielectric. After piranha cleaning for 30 minutes and UV-ozone treatment for 20 minutes, the
wafers were functionalized with n-octadecyltrimethoxysilane (OTS) to form a self-assembled
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monolayer (SAM), following a reported method. In order to fabricate the thin films, the
polymers were dissolved in anhydrous chloroform (5 mg mL™!) and spin-coated onto the
substrates at 1000 rpm for 30 s, followed by thermal annealing under a N, atmosphere at an
optimized temperature for 10 min. Au contacts (40 nm) were thermally evaporated through a
shadow mask to form source and drain electrodes with a channel length (L) of 50 um and a
width (W) of 1000 um. The electrical performance of FETs was tested in N, atmosphere using
a Keithley 4200 semiconductor parametric analyzer. The field effect mobility in the saturation
regime was calculated using the following equation:

1 w )
IDS,sat = E.uci T (VG - VT)

where I is the drain-to-source current, u is the mobility, and V; and Vr are the gate voltage
and threshold voltage, respectively.
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Synthesis
Synthesis of 3,12-dibromo-15,16-bis(hexadecyloxy)terrylene (2):

A solution of 7,8-bis(alkyloxy)terrylene (TER-C16) (0.822 mmol) in 100 mL chloroform was
stirred at 0 °C. A solution of bromine (1.64 mmol) in 10 mL of chloroform was added dropwise,
and then the mixture was stirred at 0 °C for 15 min. The reaction mixture was brought to room
temperature and saturated sodium bicarbonate solution was added. It was extracted with
chloroform and dried over MgSOs. A repetitive column with hexane in silica gel was performed
to purify the compound 2. Another regioisomeric dibromo derivative of 7,8-
bis(hexadecyloxy)terrylene was also formed, which could not be isolated by column
chromatography.

For 2, Isolated yield 35%, '"H NMR (500 MHz, CDCl3) § 9.21 (d, J = 7.8 Hz, 2H), 8.06 (d, J =
8.3 Hz, 2H), 7.84 (s, 2H), 7.72 (d, J= 8.1 Hz, 2H), 7.63 (d, /= 8.1 Hz, 2H), 7.55 (t,J = 8.0 Hz,
2H), 3.97 (t, 4H), 1.92 — 1.84 (m, 4H), 1.52 — 1.44 (m, 4H), 1.27 (s, 48H), 0.88 (t, 6H). 1*C
NMR (125 MHz, CDCl3) & 152.62, 132.62, 130.95, 130.56, 130.16, 129.83, 128.08, 127.43,
126.89, 123.34, 122.55, 121.16, 120.35, 73.23, 32.10, 30.83, 29.90, 29.84, 29.76, 29.53, 26.42,
22.85, 14.25. MALDI-ToF: calculated, 1014.4348; obtained, 1015.5690.

General synthesis procedure of polyterrylenes:

A 50 mL Schlenk flask was dried in an oven and cooled. The flask was then charged with
Ni(COD); (0.155 mmol) and 4,4'-bipyridine (0.155 mmol) under an inert atmosphere in a glove
box. Then the Schlenk flask was subjected to argon-vacuum cycles to ensure thorough
deoxygenation. After that, dry and degassed DMF was injected (1 mL), followed by the
addition of deoxygenated COD (0.02 mmol). The reaction was then heated to 80 °C for 5
minutes and then dibromoterrylene (0.062 mmol) and 1-bromonaphthalene (0.006 mmol) were
added via syringe along with degassed toluene (4 mL). The reaction was stirred for 0.5 hour at
80 °C. Then, 1-bromonaphthalene (0.012 mmol) was added again via syringe and stirred for
another 2 hours. It was then cooled to room temperature and quenched with 6 N HCI. After
that, the organic layer was washed with water and brine. It was dried over Na;SOs, and the
solvent was evaporated. It was then precipitated in cold methanol and washed with methanol,
acetone, ethyl acetate and hexane in Soxhlet conditions for one day with each solvent. Finally,
the polymer was extracted with chloroform, followed by precipitation into cold methanol to
give the polymer as a deep blue solid powder.

For rr-Polyterrylene: Yield obtained 77%; 'H NMR (500 MHz, CDCls) § 9.21, 8.36, 8.00,
7.58,7.47, 4.14, 1.24, 0.84. M,, (kg/mol) = 177.15; M,,/M, = 2.6; UV (CHCI3), Amax: 607 nm,
Tq (5% weight loss): 316 °C.

For ri-Polyterrylene: Yield obtained 71%; 'H NMR (500 MHz, CDCls) & 9.26, 8.33, 7.97,
7.62,7.47,4.15, 1.26, 0.85. M,, (kg/mol) = 122.32; M,,/M, = 2.6; UV (CHCI3), Amax: 604 nm,
Tq (5% weight loss): 304 °C.
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Fig. S1 "H NMR spectrum of dibromo-(hexadecyloxy)terrylene (2+3) in CDCl3(*) at 298K. (* indicates

peaks from 2+3, * indicates peaks only from regioisomer 3).

a ] b) 3000
( ) 3000 ] Calculated m/z: 1014.4348 ( ) —2+3 Calculated m/z: 1014.4348
Obtained m/z: 1015.5690 Obtained m/z: 1015.3670
2500 + 2500
2000 - 2000 +
2 oy
0 1500+ 2 1500
S ]
[ i
- =
£ 1000+ =— 1000
500 500
0 l . ll l 1 Ll . . 0 N "
600 800 1000 1200 1400 1600 600 800 1000 1200 1400 1600
m/z m/z

Fig. S2 MALDI-ToF spectra of (a) pure compound 2 and (b) compound 2 + 3.
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Fig. S4 2D COSEY NMR spectrum of 2 in CDCl; at 298K.
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Fig. S5 *C NMR spectrum of 2 in CDCl; at 298K.

Table S1. Table for the optimized synthesis of soluble polyterrylenes.

—14.254

10

Monomer Amount of Time Total Well Soluble M, M, PDI
monomer Yield Amount (kg mol™) (kg mol™")
2 63 mg 24h 43 mg 8 mg 335.69 740.45 2.20
2 67 mg lh 44 mg 6 mg 294.38 437.06 1.75
2 70 mg 30 min 46 mg 9 mg 193.38 344.05 1.77
2+0.1 eqv. 375 mg 30 min 243 mg 243 mg 66.13 177.15 2.67
1-bromonapthalene
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Fig. S8 Thermogravimetric analysis thermograms of (a) rr-Polyterrylene and (b) ri-Polyterrylene.
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Fig. S9 Differential scanning calorimetry (DSC) thermograms of (a) rr-Polyterrylene and (b) ri-
Polyterrylene.
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LUMO+1 -2.23094 eV

LUMO -2.27636 eV
HOMO -4.52744 eV
HOMO-1 -4.58048 eV

Fig. S10 DFT calculated energy levels and distributions of HOMO-1, HOMO, LUMO and LUMO+1
for rr-Polyterrylene.

Table S2. Cartesian coordinates of the DFT optimized structure of rr-Polyterrylene.
Electronic Energy =-4142.27078 Hartree
C 3.68808100 0.64447800 -1.27582400

C 2.92235600 0.35451900 -0.14164800

C 1.44654800 0.44050300 -0.11927400
C0.68272700 1.02149600 -1.13684100

C 3.62002200 -0.05234200 1.04783400
C0.71810800 -0.10889600 0.99664800

C 1.43452900 -0.60941600 2.13287600

C 2.89611600 -0.46998900 2.21136200
C0.71232200-1.22126600 3.15829000
C-0.67364500 -1.33976600 3.10878700
C-1.41840400 -0.82372600 2.04723100

C-0.72425100 -0.14383900 0.99290700
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C-1.47435000 0.48241300 -0.06645400

C-0.73169100 1.02871400 -1.11842500

H-1.17088400 -1.83311800 3.93388200

C 5.09346400 0.59891000 -1.25329800

C 5.80057800 0.27733400 -0.10531100

C 5.06061500 -0.04624400 1.08180100

H 5.63885300 0.82290900 -2.16468300

C5.72489600 -0.35097400 2.30160600

€ 5.00392600 -0.67864400 3.43231300

C 3.60067100 -0.74988000 3.38445000

H 5.51790500 -0.89197200 4.36403500

H 3.06978100 -1.01764800 4.28940700

H 1.22858800 -1.63846100 4.01333000

H 3.18922200 0.90500800 -2.19499200

C-2.88018600 -0.97867300 1.99737800

C-3.62519800 -0.26308600 1.00460400

C-3.56583800 -1.78854600 2.90583800

C-2.94976500 0.52681200 0.01090300

C-5.06503000 -0.32477300 1.02533200

C-4.96901300 -1.87076900 2.90315500

H -3.02092500 -2.37366900 3.63584800

C-3.73558000 1.31865300 -0.83277500

C-5.82589200 0.45843500 0.09257200

C-5.70929900 -1.14025900 1.99549900

H -5.46810200 -2.50350100 3.62998200

C-5.14063000 1.28715300 -0.78186100

H -3.25321300 1.96478200 -1.54794800

H -5.70316600 1.91232800 -1.46822500

0 1.28275500 1.61289600 -2.26160900

0 -1.35519300 1.64665300 -2.21566000

C 1.28986700 3.08762900 -2.27280300
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H 1.85227900 3.46738600 -1.41395700

H 0.26547200 3.46485100 -2.26312300

H 1.79042500 3.36490700 -3.20069000

C-1.36793900 0.86055200 -3.46354100

H -1.88756200 1.48515400 -4.19036400

H -0.34504500 0.66364200 -3.78989000

H -1.91515800 -0.07536300 -3.31274300

C 7.29548700 0.30536600 -0.12843400

C 8.08294600 -0.89589700 -0.12213400

C 7.95331400 1.52259200 -0.21322200

C7.46842700 -2.17785300 -0.10826800

€9.52052900 -0.80794000 -0.16304900

€9.35699100 1.61390700 -0.20714500

H 7.36968200 2.43673600 -0.25865000

C 8.23506500 -3.32612800 -0.12683200

C 10.29260800 -2.01184400 -0.25309400

C 10.16713600 0.47627200 -0.13343800

H 9.81702900 2.58769000 -0.24581800

C€9.63623600 -3.24388300 -0.20186900

H 7.75790600 -4.30042100 -0.09850400

H 10.20358300 -4.16602500 -0.22153900

C 11.63891300 0.53912300 -0.05018800

C 12.40978600 -0.64982400 -0.30062700

C 12.35028300 1.69849900 0.30201800

C 11.74882000 -1.91509200 -0.43109600

C 13.84373300 -0.58231300 -0.41043800

C 13.76526900 1.74772400 0.23691400

C 12.52082000 -3.04014500 -0.72918400

C 14.59960400 -1.77280400 -0.66671600

C 14.52345000 0.67364600 -0.24268000

C 13.90723900 -2.97120100 -0.84636700
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H 12.04441300 -3.99907600 -0.88815900

H 14.44471700 -3.87823600 -1.09329100

C 15.94811200 0.77477100 -0.61412800

C 16.70276400 -0.43198400 -0.80178800

€ 16.58984200 1.99926400 -0.83409000

C 16.06656500 -1.71389000 -0.75197400

C 18.11392000 -0.35503200 -1.06387400

C17.96272000 2.06684400 -1.14869700

H 16.01924200 2.91430300 -0.76026200

C 16.85982900 -2.86068900 -0.83659700

C 18.87032100 -1.55387000 -1.16606700

C 18.72311500 0.91814000 -1.23083700

H 18.41874900 3.03811100 -1.31248300

C 18.25291200 -2.78165800 -1.03130200

H 16.40892700 -3.84216200 -0.75535400

H 19.93808900 -1.48555000 -1.35124600

H 19.78801300 0.96732700 -1.43788400

H 18.83377000 -3.69638900 -1.09225500

C-7.42044200 -1.80686700 -0.97092700

C-8.07267200 -0.66023800 -0.43996300

C-8.15325100 -2.87455100 -1.44913400

C-7.32111900 0.44851400 0.07698400

C-9.51287200 -0.61233700 -0.43578300

C-9.55758300 -2.85797600 -1.38522900

H -7.64802200 -3.73791600 -1.86994800

C-8.01635700 1.55119000 0.54814700

C-10.19662600 0.57644500 -0.00424600

C-10.25072700 -1.76275300 -0.86477500

H -10.09822700 -3.71652000 -1.76350600

C-9.42022100 1.62242800 0.50544300

H -7.46258700 2.38732300 0.96351000
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H -9.90950900 2.50619400 0.88105700

C-11.67018500 0.64012100 -0.10902400

C-12.41591500 -0.55712600 -0.40665800

C-12.41599300 1.80823800 0.07811500

C-11.71481400 -1.76536900 -0.72913300

C-13.85905300 -0.55061600 -0.40210000

C-13.82997000 1.82414500 0.03757600

C-12.45307500 -2.93460400 -0.91634300

C-14.57050600 -1.78652800 -0.55821600

C-14.59025500 0.67985200 -0.22394900

C-13.84123400 -2.94767700 -0.81685700

H -11.94836900 -3.86904200 -1.12553900

H -14.35302900 -3.88983200 -0.96531900

C-16.06572100 0.67658500 -0.33281200

C-16.75479200 -0.58461000 -0.37927900

C-16.83263400 1.84674200 -0.40387000

C-16.03532300 -1.82048600 -0.43807100

C-18.19291000 -0.61273600 -0.38207100

C-18.24130500 1.80998400 -0.44925400

H -16.33165100 2.80072300 -0.42406200

C-16.75041000 -3.02069800 -0.40004200

C-18.87068800 -1.86118400 -0.36503300

C-18.91691200 0.60909300 -0.41313700

H -18.78928200 2.74553900 -0.50236000

C-18.15729700 -3.04281300 -0.35664600

H -16.22600900 -3.96806800 -0.39830200

H -19.95652300 -1.86642300 -0.35653300

H -20.00239700 0.57606800 -0.42100500

H -18.67435300 -3.99652200 -0.32749000

0 -14.43304100 3.07542700 0.25137700

0-11.79791100 3.04090500 0.34884900
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0 11.64277700 2.85210200 0.63154800
0 14.34284200 2.97050900 0.62889300
C-14.46433900 3.53133300 1.65372500
H -15.03873400 2.82815300 2.26504000
H-13.44639200 3.63465400 2.03421900
H -14.96309000 4.50041200 1.62904200
C-11.75917300 3.99088400 -0.77856500
H-11.19374500 3.56227300 -1.61207500
H -11.24739400 4.87276400 -0.39279500
H-12.77526100 4.24282300 -1.08801000
C 11.86976200 3.53410300 1.90580700
H 12.12148000 2.81579400 2.69367900
H 12.66037700 4.27672500 1.80257300
H 10.92096700 4.01777300 2.14547700
C 15.18430600 2.92855500 1.83684600
H 16.06763100 2.30494700 1.68282400
H 15.48475600 3.96194400 2.01091400
H 14.60646600 2.55504500 2.68838100
H -6.33804200 -1.82762000 -1.00076500
H -6.79137100 -1.17923600 2.01336200
H 6.80690400 -0.31583300 2.33213900

H 6.38759200 -2.24155900 -0.08400700
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Table S3. Hole mobilities during optimization of thermal annealing temperature.

ri-Polyterrylene rr-Polyterrylene
Annealing
Mn,avg Mhavg
Temperature Low/Ly Vi (V) P Lo/ Iyt Va (V)
2y 1 (em’V'sT)
°C) (ecm*V7's™h)
150 2.6 x 10 5.8 x10° -24.0 5.4 x10* 2.1 x 10* -9.0
180 1.5 % 10 8.1 x 10° -21.6 1.0 x 10° 1.3 x 10* -18.1
210 1.7 x 10" 2.3 x 10* -24.5 7.6 x 10™ 1.9 x 10* -25.6

Table S4. Optoelectronic characteristics (P, R, EQE, D*) under 635 nm light condition. Vgs=-80 V.

Compounds

Puax Ruiax (A/W) EQEMAX (%) D*MAX (Jones)
rr-Polyterrylene 1.6 x 10* 5.8x 107 1.10 2.0x 10"
ri-Polyterrylene 1.1x10* 6.2x10* 0.12 5.8x10°
TER-C16 (532 nm) 1.6 x 10% 7.2x 10 0.17 3.7x 108
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