


Materials and methods

Column chromatogphy was performed using 6310 mm silica gel. All other commercially
available reagents and solvents were of reagent grade and used without further purification. The
solvents for thepreparation of the assembli@gere all spectral grade and used with@wther
purification. *H and**C NMR spectra were recorded @nuker DPS300 and JEOL JNMCA500
NMR spectrometerand chemical shifts are reported in ppghith the signal of TMS as internal
standard APCI-MS spectra were measured on an Exactive (Thefisber).FT/IR spectra were
recorded on JASCO FT/HR100 spectrometetJV-vis spectra wergecordedon a ASCO V660
spectrophotometerThe HOMO levels were measurday photoelectron yield spectroscopy
(MODEL AC-3, RIKEN KEIKI. Co.,Ltd) under atmosphericgssure AFM images were acquired
under ambient conditienusing Multimode 8Nanoscope V (Bruker AXSin Peak Force Tapping
(Scanasystjnode. Silcon cantilevers (SCANASYSAIR) with a spring costant of 0.4N/m and
frequency of 70 kHz(Bruker AXS) were us# Synchrotron radiation >ay diffraction
measurements were performedBai45XU in SPring8 with theapproval of the RIKEN SPrir§
Center(ProposalNos. 20140056 and 201500681olecular mechanics calculations were performed
on MacroModel versiod0.4 usng AMBER* force field.

Scanning tunneling microscopy (STM)

Solutions of compound in-fhenyloctane (98%, Aldrich) were prepared. A droplet of these
solutions was then deposited on a graphite substrate. STM imaging of tHessaxap performed at

the ligudi solid interface using a PieBPM (Molecular Imaging, Agilent Technology) scanning
tunneling microscope. Cut Pt/Ir tips were used to obtain constant current images at room
temperature with a bias voltage applied to the sample. STM images were processedlgzed

using the application FabViewer

Fabrication of organic solar cells
Bulk heterojunction solar cell devices were fabricated on indinroxide (ITO) coated glass. The

ITO glass substrates were subsequently cleaned with acetongpamgoa®olin ultrasonic bath. The
resultant ITO substrates were then exgoht® UV-ozone for 5 mins and coated with PEDOT:PSS
[poly(3,4-ethylene dioxythiophene):poly(styrene sulfonfisl) 4083, thickness: ca. 30 nm). The
substrates were heated for 20 min at 12@c°@move residual water. In & §love box, 0.5 mL of
chloroform solutions containing RBM (Luminescence Technology Corp., Taiwan Province) and
oligothiophene derivatives were sginated (1000 rpm for 30 sec) onto the substrate. The thickness
of the resulting BHJ films was determined by using a DEKTAK surface profiler (Bruker AXS). The
substrates were then moved to higdltuum chamber, and the top electrode was evaporated through

a shadow mask (Ca:10 nm, Al:90 nm) to give solar cells with an active®de@d cni. Finally, the
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devices were encapsulated by a glass lid in the nitrogen glove box systedhV TOmaracteristics

of the solar cells were evaluated by using a Keithley 2400 soueesure unit. The AM 1.5 G light

was provided by a filttered Xemp. The intensity of 100 mW ¢mof the AM 1.5 G light was
determined by using a calibrated inorganic solar cell from the National Institute of Advanced
Industrial Science and Technology (Japan). No spectral mismatch factor was in the calculation of
the dficiency.

Fabrication of organic field-effect transistor

OFET devices were fabricated on g8 substrates (S¥Z5i, thickness: ca. 300 nm). The $i0
substrates were subsequently cleaned with acetone-prapanol in ultrasonic bath. Thin films of
oligothiophene derivatives were prepared by smating (1500 rpm) CHgkolutions. After drying

the solvent, the substrates were annealed temperature for 10 min to give active layers with
thicknesses ranging from 100 to 120 nm. Subsequenthcdofactgold electrodes (Au, thickness:

ca. 70 nm) were deposited through shadow masks under vacuum to define chadihesnd/i
length of 5.5 mm and 58m, respectively. The OFET device measurements were performed using a
semiconductor parameter analyzer (Adildi55C) at room temperature in a nitrogen glove box
where the concentration of,8 and Q was less than 1 ppm. The hole mobilities of oligothiophene

derivatives were calculated in the saturation regime of transfer characteristics.

Synthesisand analytical data
1-BDT was synthesized according to Scheme S1. The synthesisngdocnd 2 and 4 were
reported previousl§®

-~ 3:X=Br 557/
/
BuzSn S III)

1-BDT
Scheme S1Synthesis ofl-BDT. i) NBS, CHC}/acetic acid, 0 °€ r.t., 4.0 h ii) [Pd(PPB)4], DMF,
microwave, 150 °C30 min iii) barbituric acid, EtOH, reflux2.5 h.
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Compound 3

5" -bromo-3',3",3",3"" -tetrahexyl-[2,2":5',2":5",2":5™ 2"

quinquethiophenel5-carbaldehyde To an icecooled 2:1 CHGlacetic acid mixture (15 mL)
containing2 (102 mg, 0.131 mmol)N-bromosuccinimide (23.5 mg, 0.132 mmol) was added in two
portions with at interval of 10 min. The reaction mixture was warmed to r.t. and stirred for 4 h. The
resulting mixture was diluted wit@HCl;, and washed twice with sat. aq. NaHCOhe organic

layer was dried with N&O,, filtered and evaporated to dryness to give compduad red liquid

(111 mg, 99%)*H NMR (300 MHz, CDC4, 293 K): d=9.89 (s,1H), 7.72(d, J = 4.0Hz, 1H), 7.24

(d, J = 4.0 Hz, 1H), 7.01 (s, 1H), 6.96 (s, 2H), 6.89 (s, 1H), 6.88 (s, 1285 2.69 (m, 8H),

1.75 1.56(m, 8H), 1.42 1.25(m, 24H), 0.92 0.86(m, 12H).

Compound 5

(5™ -(4,8-bis((2-ethylhexyl)oxy)benzo[L,2-b:4,5-bldithiophen -2-yl)-

3,3",3",3"" -tetrahexyl-[2,2".5',2":5",2":5™,2"" -quinquethiophene}5-carbaldehyde): A

10-mL of microwave reactor vessel was charged Bii{369 mg, 0.431 mmol)4 (624 mg, 0.848

mmol), Pd(PP¥), (28.2 mg, 0.0244nmol) and DMF (4 mL), and the vessel was placed into a
microwave reactor. The reaction temperature and period was set t€ a6@ 30 min, respectively.

After completion of the reactionhé mixture was diluted with ethyl acetate and washed twice with
water and once with brine. The organic layer was dried withSg filtered and evaporated to
dryness. The resulting liquid was purified by column chromatography (10 w/y@@Ksilica gel,

eluent: CHCly/hexane = 1:1 (v/Y)to give pure compoun8 as orangeiduid (339 mg, 64%)H

NMR (500 MHz, CDCY, 293 K): d=9.88(s, 1H),7.70(d, J = 4.0Hz, 1H), 7.48 (s, 1H)7.45(d, J

=5.5Hz, 1H), 7.35(d, J =5.5Hz, 1H), 7.23(d, J = 4.0Hz, 1H), 7.14 (s, 1H), 7.01 (s, 2H), 6.99 (s,

1H), 4.20'4.17 (m, 4H), 2.85 2.78 (m, 8H), 1.86i 1.25 (m, 50H), 1.06 0.90 (m, 24H); **C NMR

(125 MHz, CDCB, 293 K): d= 182.67, 146.30, 144.61, 144.32, 142.67, 142.17, 140.78, 140.56,
140.26, 137.01, 136.31, 136.25, 135.06, 134.45, 133.86, 132.18, 131.92, 130.99, 130.56, 129.90,
129.38, 128.99, 128.94, 128.80, 128.75, 128.41, 126.07.89,2%20.49, 115.92, 76.16, 76.14,
40.80, 31.82, 30.61, 30.59, 30.56, 30.38, 29.94, 29.70, 29.69, 29.62, 29.41, 29.34, 23.99, 23.35,
23.29, 22.79, 22.76, 14.39, 14.33, 14.28, 14.24, 11.49; HRMS (ARtZ)xalcd. for GiHy703S;
12215477 [M+HT', found12215487

1-BDT: A mixture of5 (116 mg, 0095 mmol) and barbituric acid (67.4 mg, 0.526 mmol) in EtOH
(20 mL) was refluxed for 2.5 h. The reaction mixture was cooled to r.t., and the resulting
precipitates were collected by filtration and washed with EtOHyive nearly pure compound

1-BDT as a blackpurple solid (71.9 mg, ®%). This compound was further purified by preparative
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gel permeation chromatography (GR@jngCHCk as eluentH NMR (500 MHz, CDGJ, 293 K):

d=8.61 (s, 1H), 8.46hf-s, 1H), 8.201¢r-s, 1H),7.87(d, J = 4.4Hz, 1H), 7.47 (s, 1H)7.44(d, J =

5.5Hz, 1H), 7.36(d, J = 4.4Hz, 1H), 7.35(d, J = 5.5Hz, 1H), 7.13 (s, 1H), 7.05 (s, 1H), 7.00 (s,

1H), 6.98 (s, 1H)4.18 4.16 (m, 4H), 2.93(t, J = 7.8 Hz, 2H), 2.8212.78(m, 6H), 1.84i 1.26 (m,

50H), 1.05 0.86 (m, 24H); **C NMR (125 MHz, CDGQ, 293 K): d = 164.02, 162.49, 154.89,
149.88, 148.04, 147.20, 144.71, 144.56, 144.27, 141.13, 140.41, 140.21, 138.10, 136.26, 135.79,
134.93, 134.84, 133.91, 132.17, 131.89, 131.02, 130.53, 130.48, 129.94, 129.83, 128.94, 128.70,
128.52, 128.34, 125.99, 120.46, ®HAB.115.82, 107.22, 76.08, 76.05, 40.81, 31.89, 31.85, 30.70,
30.61, 30.54, 30.48, 30.37, 30.07, 29.95, 29.81, 29.78, 29.49, 29.40, 29.35, 24.00, 23.98, 23.37,
23.30, 22.84, 14.42, 14.35, 14.30, 11.50; HRMS (AP®) calcd for GsHggOsN,S; 13315593

[M+H]*, found 1331.5623R (KBr): 3395, 2957, 2930, 2872, 2859, 1741, 1715, 1671, 1552, 1390,
1220, 108&m™.
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Fig. S1*H NMR spectum of 5 in CDCk at 293 K.



Fig. S2**C NMR spectum of 5 in CDCk at 293 K.

Fig. S3'H NMR spectum of 1-BDT in CDO3 at 293 K.



