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S1. Materials

All reagents and chemicals were purchased from Energy Chemical, and Bide
Pharmatch Ltd., efc, and were used as received without further purification unless
otherwise specified. TTD2T-Br and TTCN-Sn and TVTCN-Sn were synthesized
according to previously reported procedures.!> Anhydrous toluene was distilled from
Na/benzophenone under an argon atmosphere. Unless otherwise stated, all reactions

were carried out under an inert atmosphere using standard Schlenk line techniques.

S2. Measurements and instrumentations

Polymer molecular weights were determined using a Polymer Laboratories GPC-
PL220 at 40 versus polystyrene standards with 1,2,4-trichlorobenzene as the eluent.
Cyclic voltammetry (CV) measurements of polymer films were conducted on a CHI660
potentiostat/galvanostat electrochemical workstation, employing a platinum disk as the
working electrode, a platinum wire as the counter electrode, and an Ag/AgCl reference
electrode in a 0.1 M tetrabutylammonium hexafluorophosphate acetonitrile solution as
the supporting electrolyte. The lowest unoccupied molecular orbital (LUMO) and the
highest occupied molecular orbital (HOMO) energy levels of the polymers were
calculated through the formulas: ELumo/tomo = -(4.80+Eonset™Y/ Eonset™) €V. UV-Vis-NIR
absorption spectra of the polymer in solution state were collected on a Shimadzu UV-
3600 UV-Vis-NIR spectrophotometer. Thermogravimetric analysis (TGA) was
conducted on the same instrument. Differential scanning calorimetry (DSC) curves
were recorded on a Mettler STARe system (TA Instrument) under nitrogen with a
heating ramp of 10 °C min"'. Grazing-incidence wide-angle X-ray scattering (2D-
GIWAXS) measurements were carried out with a Xeuss 2.0 SAXS laboratory beamline
using a Cu X-ray source (8.05 keV, 1.54 A) and a Pilatus3R 300K detector. The
incidence angle is 0.2°. Atomic force microscopy (AFM) was employed to characterize
the surface morphology of polymer films using a Dimension Icon Scanning Probe
Microscope (Asylum Research, MFP-3D-Stand Alone) operated in tapping mode. The

configuration optimizations of the polymer were calculated at density functional theory
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(DFT) calculations using the Gaussian 09 program at the B3LYP/6-31**. In all cases,

the long side chains were replaced with methyl groups to reduce computational cost.

S3. Synthesis Procedures
Synthesis of PQTTCN:

A glass tube was charged with the two monomers, TTCN-Sn (28.5 pmol, 1.0 eq),
TTD2T-Br (28.5 umol, 1.0 eq), and Pd(PPh3)4 (1.4 umol, 0.05 eq). The tube and its
contents were subjected to three pump-purge cycles with argon, followed by the
addition of anhydrous toluene (2.5-3.0 mL) via syringe. The tube was sealed under an
argon flow and then stirred under oil bath at 110 °C for 3 h. After cooling to room
temperature, the reaction mixture was slowly added dropwise into 50 mL of methanol
with vigorous stirring. The resulting mixture was stirred for 30 min, and the solid
precipitate was transferred to a Soxhlet thimble. After drying, the crude product was
subjected to sequential Soxhlet extraction with methanol, acetone, hexane,
dichloromethane, and chloroform. The final chloroform fraction was concentrated by
removing most of the solvent, and then the residue was precipitated into methanol. The
polymer was collected by filtration, dried under reduced pressure, yielding a deep-

colored solid product (yield = 95%). Mh = 14.0 kDa, PDI = 1.72.

Synthesis of PQTVTCN:

A glass tube was charged with the two monomers, TVTCN-Sn (28.5 pmol, 1.0 eq),
TTD2T-Br (28.5 umol, 1.0 eq), and Pd(PPh3)4 (1.4 umol, 0.05 eq). The tube and its
contents were subjected to three pump-purge cycles with argon, followed by the
addition of anhydrous toluene (2.5-3.0 mL) via syringe. The tube was sealed under an
argon flow and then stirred under oil bath at 80 °C for 1 h. After cooling to room
temperature, the reaction mixture was slowly added dropwise into 50 mL of methanol
with vigorous stirring. The resulting mixture was stirred for 30 min, and the solid
precipitate was transferred to a Soxhlet thimble. After drying, the crude product was
subjected to sequential Soxhlet extraction with methanol, acetone, hexane,

dichloromethane, and chloroform. The final chloroform fraction was concentrated by
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removing most of the solvent, and then the residue was precipitated into methanol. The
polymer was collected by filtration, dried under reduced pressure, yielding a deep-

colored solid product (yield = 88%). Mh = 6.6 kDa, PDI = 2.03.
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Figure S1. GPC curves of PQTTCN and PQTVTCN.

Table S1: Charge transport properties of polymers evaluated as OFETs

Polymer Ue (cm? V1ighya Vin (V) ® Ton/Ioft
PQTTCN 3.62E-2 (£0.005) 32.76 (£1.5) 10*
PQTVTCN 2.02E-3 (£0.0006) 37.32 (£1.8) 10?

“Average electron mobilities. *Average threshold voltages. Parentheses for all the
parameters are standard deviations. The average values are derived from data collected

from at least five devices.

S4. Polymer thermal properties
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Figure S2. TGA (a) and DSC (b) curves of PQTTCN and PQTVTCN.
S5. OTE devices characterization
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Figure S3. EPR signals of PQTTCN and PQTVTCN after n-doping with JLBI.
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Figure S4. Representative thermal voltage response curves for sequentially doped
PQTTCN polymer films at varying JLBI concentrations: (a) 0.5 mg mL™!, (b) 1 mg mL-
! (c) 1.5 mg mL" and (d) 2 mg mL"'. Temperature differences ranging from 0 to 2.8 K
(by step of 0.7 K) were applied across the doped polymer films, followed by the return
to 0 K.
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Figure S5. Representative thermal voltage response curves for sequentially doped
PQTVTCN polymer films at varying JLBI concentrations: (a) 0.5 mg mL!, (b) 1 mg
mL™, (c) 1.5 mg mL™" and (d) 2 mg mL"'. Temperature differences ranging from 0 to
2.8 K (by step of 0.7 K) were applied across the doped polymer films, followed by the
return to 0 K.

Organic thermoelectric devices (OTEs) were fabricated on Borosilicate glass
substrates. First, the substrates were cleaned by sonication washing in isopropanol,
acetone and isopropanol successively for 20 min each, followed by 15 min UV-o0zone
treatment. After that, the substrates were transferred into the N2-filled glove box, where
30 nm Au electrodes of 100 um length and 2000 um width were thermally evaporated
through a shadow mask. Once 0.1 nm gold nanoparticles (Au-NPs) were thermally
evaporated onto the substrate, 5 mg mL™! polymer solutions in chloroform for PQTTCN
and PQTVTCN were spin-coated at 1000 rpm for 45 s and annealed for 15 min at 240
°C. A Doped films were fabricated following a sequential doping procedure, in which
JLBI dopant solutions (0.1-2 mg mL™!' in n-butyl acetate) were spin-coated over the
semiconducting layer at 1500 rpm for 30 s, followed by thermal annealing at 120 °C
for 15 s to activate the doping. For electrical conductivity measurement, the linear /-V
curves were characterized in a No-filled glove box by using a Keithley 4200-SCS
system. Average electrical conductivity values were calculated from five different

measurements. On the other hand, thermoelectric performance was measured by using



a pair of Peltier devices with a separation distance of 1 mm, in which temperature
differences ranging from 0 to 2.8 K (by step of 0.7 K) were applied between the
electrodes by using a pair of thermal couples. In this sense, the thermal voltage
measured in a Na-filled glove box by using a Keithley 4200-SCS system was used to
extract Seebeck coefficients through the linear fitting of the thermal voltage versus AT.

Average Seebeck coefficients were calculated from five different measurements.



S6. NMR
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Figure S6. 'H NMR spectrum of TTCN-Sn
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Figure S7. °C NMR spectrum of TTCN-Sn
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Figure S8. 'H NMR spectrum of TVTCN-Sn

7.5 70

8.0

LVLL~
€9'¢L~

[TAIAS
G8'8Z”

9,017
SZ'GLL"
ST

cL9gL—
eO'LvL—

L9°GGL—

T T T T T T T T T
150 140 130 120 110 100 90 80 70

160

170

10

20

30

40

50

60

1 (ppm)

Figure S9. *C NMR spectrum of TVTCN-Sn
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Figure S11. '*C NMR spectrum of TTD2T-Br
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Figure S13. '"H NMR spectrum of PQTVTCN
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