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1. General

Unless stated otherwise, all of chemicals for synthesis, characterization, and device fabrication
were purchased from Sigma-Aldrich and used without further purification step. 1-(5-
hydroxypentyl)-3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)urea (l), 2,5-dibromothiophene-
3-carboxylic acid (ll), and ethyl 2,5-dibromothiophene-3-carboxylate (V) were synthesized
according to the procedures reported in the literature. 2 (4,8-bis(5-(2-ethylhexyl)-4-
fluorothiophen-2-yl)benzo[1,2-b:4,5-b']dithiophene-2,6-diyl)bis(trimethylstannane) (IV) was
purchased from Sunatech and used without further purification. The synthesized monomer
was characterized by measuring 'H and 3C NMR using a Bruker Ascend 400 spectrometer in
CDCl; at 298 K. To prove a hydrogen bonding, H NMR spectra of PTO2-urea20 and compound
IIl were obtained using Agilent Technologies 600 MHz FT NMR using C2D2Cl4 solution in the
range of 298 K to 343 K. The splitting patterns were shown as singlet (s), doublet (d), triplet
(t), triplet of doublet (td), and multiplet (m) for 'H NMR data. The ultraviolet-visible (UV—-Vis)
absorption spectra of the polymer solution and films were obtained by a PerkinElmer Lambada
35. The solution UV-Vis spectra were obtained in a 1 cm path quartz cuvette with a

concentration of 5x10™ M in chlorobenzene. And the film samples for UV-Vis were prepared
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by spin-coating in nitrogen-filled gloves box with 10 mg/mL solution in chlorobenzene.
Elemental analysis of compound Il was performed using a Thermo Scientific FLASH 2000 CHNS
elemental analyzer. The number average molecular weight (M,) and the dispersity (P) of the
synthesized polymers were estimated using a Waters gel-permeation chromatography (GPC)
system at 80 °C with 1,2-dichlorobenzene as the eluent and polystyrene narrow standards

were used for calibration.
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Scheme S1. Synthetic scheme of the monomer and polymers.



2. Synthesis
2.1. Synthesis of monomer
5-(3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)ureido)pentyl 2,5-dibromothiophene-3-
carboxylate (lll) : 1-(5-hydroxypentyl)-3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)urea (1)
(422.5 mg, 1.66 mmol), 2,5-dibromothiophene-3-carboxylic acid (1) (712.6 mg, 2.49 mmol), 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide (EDC) (386.9 mg, 2.49 mmol), and 4-
dimethylaminopyridine (DMAP) (40.6 mg, 0.33 mmol) were placed in a reaction flask and
dissolved in anhydrous tetrahydrofuran (THF, 16.6 mL) after purging with dry argon. The
reaction mixture was refluxed overnight with a water condenser and then cooled down to
room temperature. The reaction mixture was poured into 1M HCl aqueous solution and the
organic layer was extracted with chloroform. Excess solvent was removed by rotary
evaporator and the concentrated fraction was precipitated into an acetone-filled flask. The
product (374 mg, 43.1%) was obtained through filtering and washing with excess acetone.

1H NMR (400 MHz, CDCl5) & (ppm) : 13.12 (s, 1H), 11.88 (s, 1H), 10.25 (t, 1H), 7.35 (s, 1H),
5.83 (s, 1H), 4.31 (t, J=6.4 Hz, 2H), 3.32 (td, J=7.5 Hz, 2H), 2.26 (s, 3H), 1.88-1.48 (m, 6H). 13C
NMR (100 MHz, CDCl3) 6 (ppm) : 173.00, 160.83, 156.60, 154.65, 148.23, 131.99, 131.75,
118.97, 111.29, 106.71, 65.14, 39.70, 28.92, 28.17, 23.34, 18.97. Anal. calcd for

C16H18BraN40,4S: € 36.80, H 3.47, N 10.73, S 6.14; found: C 37.42, H 3.62, N 10.86, S 6.19.

2.2. Synthesis of polymers
PTO2 : (4,8-bis(5-(2-ethylhexyl)-4-fluorothiophen-2-yl)benzo[1,2-b:4,5-b']dithiophene-2,6-
diyl)bis(trimethylstannane) (V) (188.1 mg, 0.2 mmol), ethyl 2,5-dibromothiophene-3-

carboxylate (V) (62.8 mg, 0.2 mmol), tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s) (3.7



mg, 4.0 umol), and tri(o-tolyl)-phosphine (P(o-tolyl)s) (9.7 mg, 32.0 umol) were placed in a
microwave reaction flask and dissolved in anhydrous chlorobenzene (0.6 mL). The reaction
mixture was purged with dry argon for 20 min and a microwave-assisted reaction was
performed at 160 °C for 2 h. The crude polymer was precipitated into acetone and the
precipitates were filtered with a thimble filter. The polymer was purified by sequential Soxhlet
extraction with methanol, hexane, ethyl acetate, dichloromethane, and chloroform. The
polymer in chloroform fraction was condensed by rotary evaporator and precipitated in

methanol and then filtered to obtain. (86.3 mg, 56.3%) GPC: M, = 52.6 kg/mol, b = 2.21

PTO2-ureal0 : 5-(3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)ureido)pentyl 2,5-
dibromothiophene-3-carboxylate (lll) (10.4 mg, 0.02 mmol), (4,8-bis(5-(2-ethylhexyl)-4-
fluorothiophen-2-yl)benzo[1,2-b:4,5-b']dithiophene-2,6-diyl)bis(trimethylstannane) (Iv)
(188.1 mg, 0.2 mmol), ethyl 2,5-dibromothiophene-3-carboxylate (V) (56.5 mg, 0.18 mmol),
tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s) (3.7 mg, 4.0 umol), and tri(o-tolyl)-
phosphine (P(o-tolyl)s) (9.7 mg, 32.0 umol) were placed in a microwave reaction flask and
dissolved in anhydrous chlorobenzene (0.6 mL). The reaction mixture was purged with dry
argon for 20 min and a microwave-assisted reaction was performed at 160 °C for 2 h. The
crude polymer was precipitated into acetone and the precipitates were filtered with a thimble
filter. The polymer was purified by sequential Soxhlet extraction with methanol, hexane, ethyl
acetate, cyclohexane, and chloroform. The polymer in chloroform fraction was condensed by
rotary evaporator and precipitated in methanol and then filtered to obtain. (141 mg, 89.5%)

GPC: M, =10.4 kg/mol, b=1.78



PTO2-urea20 : PTO2-urea20 was synthesized according to the similar procedure to that for
PTO2-urealO0, with 5-(3-(6-methyl-4-oxo-1,4-dihydropyrimidin-2-yl)ureido)pentyl  2,5-
dibromothiophene-3-carboxylate (Ill) (10.4 mg, 0.02 mmol), (4,8-bis(5-(2-ethylhexyl)-4-
fluorothiophen-2-yl)benzo[1,2-b:4,5-b'ldithiophene-2,6-diyl)bis(trimethylstannane) (1V) (94.0
mg, 0.1 mmol), ethyl 2,5-dibromothiophene-3-carboxylate (V) (25.1 mg, 0.08 mmol),
tris(dibenzylideneacetone)dipalladium(0) (Pd,(dba)s) (1.9 mg, 2.0 umol), and tri(o-tolyl)-

phosphine (P(o-tolyl)s) (4.9 mg, 16.0 umol). (73 mg, 90.3%) GPC: M, = 10.8 kg/mol, ® = 2.00

3. Electrochemical Properties
The electrochemical properties of synthesized polymers were obtained by cyclic voltammetry
(CV) using a CH instruments electrochemical analyzer. Three electrodes system was used
consisted of a glassy carbon working electrode, platinum (Pt) wire counter electrode, and
Ag/AgCl reference electrode. The measurement was performed under argon purging and 0.1
M deoxygenated tetrabutylammoniumhexafluorophosphate (BusNPFg) solution in acetonitrile
was used as an electrolyte. The potential sweep rate was 50 mV/s and the polymer sample
was placed on the working electrode by drop-casting. The redox potential of
ferrocene/ferrocenium (Fc/Fc*) was used as a standard to calibrate the potential. The energy
levels of highest occupied (HOMO) and lowest unoccupied molecular orbital (LUMO) were
calculated according to the following equations, where E,, is the onset oxidation potential vs.
Fc/Fct and E,.q is the onset reduction potential vs. Fc/Fc*.

Enomo = —4.8 — Eox (€V)

Elumo =—4.8 + Ereq (€V)
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Fig. S1. 'H NMR spectrum of compound III, x marks are residual solvents.
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Fig. S2. 13C NMR spectrum of compound IIl. X mark is a residual solvent.
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Fig. S3. IH NMR spectrum of PTO2 in C,D,Cl, at 343 K.
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Fig. S4. 'H NMR spectrum of PTO2-ureal0 in C,D,Cl, at 343 K.
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Fig. S9. 'H NMR (600 MHz) spectra of PTO2-urea20 in a C,D,Cl, solution at various
temperatures to prove the hydrogen bonding of the urea group.
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Fig. S12. Original FT-IR absorption spectra of (a) PTO2, (b) PTO2-ureal0, and (c) PTO2-urea20
in the range of 1800-1500 cm™ and (d) 3400-2500 cm™* on a PDMS substrate before and after

stretching.

12



—_—
QO
©
w
o

1675

— Initial film PTO2-ureal0

— 0.25 Free C=0
S —— Hydrogen bonded C=0
8 520 Fitcurve
c .
§e
-'é'_ 0.15-
@
o 0.104
<

0.051

0.00 ‘ :

1750 1725 1700
Wavenumber (cm™)
(b) 0.20
— Initial film PTO2-urea20

— Free C=0
3 p15{— H_ydrogen bonded C=0
S Fit curve
c
je)
§ 0.104
o]
7]
0o
<C 0.05-

0.00 ‘ :

1750 1725 1700

Wavenumber (cm™)

1675

Absorption (a.u.)

Absorption (a.u.)

1675

0.25
— Stretched film PTO2-ureal10
Free C=0
0204___ Hydrogen bonded C=0
Fit curve
0.15- \
AN
0.101 AN
1.583 .
0.05. /;/\\_‘_-
_-——"/
0.00 T ‘
1750 1725 1700
Wavenumber (cm™)
0.15
—— Stretched film PTO2-urea20
Free C=0
—— Hydrogen bonded C=0
0.104 Fit curve
AN
/4 AN
0.05+
0.00

1750 1725 1700

Wavenumber (cm™)

1675

Fig. S13. Peak fitting analyses of the carbonyl (C=0) group vibration of (a) PTO2-ureal0 and
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Fig. S14. Comparison of the hole mobility, threshold voltage, and on-current of the OTFTs
based on a) PTO2 and b) PTO2-Ureal0 where the polymer film was prepared after applying 0%
or 30% strain along perpendicular or parallel to the channel direction of the OTFTs.
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Fig. S15. (a) The transfer characteristics and (b) output characteristics of PTO2-urea20.
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OTFTs.
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Fig. S17. (a) 2D grazing-incidence wide-angle X-ray diffraction patterns and (b) in-plane and
out-of-plane line profile of the PTO2 and PTO2-ureal0 on OTS/Si substrate.
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Table S1. Summary of electrical characteristics of PTO2-urea20 OTFTs.

Hhole Vin lon
Polymer [em2V-1s71] [V] [A]
(at Vg = -100 V)
PTO2-urea20 6.77x1074 -83.8 1.9x10°8
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