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Toluene, 80 °C,Overnight

DPPTDPP

Reagents: a = bis(tributylstannyl)ethene , b = bis(tributylstannyl)acetylene
Scheme S1. Synthesis of DPP-DPP and DPPTDPP

Experimental details

General Methods:

The chemicals were used as received unless otherwise indicated. All the moisture sensitive
reactions were performed under argon by using standard Schlenk methods. The 'H and 3C
NMR spectroscopic data were recorded at 400 and 100 MHz, respectively, by using CDCl; as
the solvent. The 1H NMR chemical shifts are reported in parts per million (ppm) relative to
the residual proton signal of the solvent (CHCI3, 6 = 7.26 ppm). The multiplicity of each
resonance is described as s (singlet), d (doublet), t (triplet), q (quartet), and m (multiplet), and
the coupling constants (J) are given in Hertz (Hz). The chemical shifts of the 3C NMR
spectra are reported relative to the solvent signal (CDCI3, 6 = 77.0 ppm). The UV/Vis
absorption spectra of the DPPs were recorded in chloroform with a UV/Vis
spectrophotometer. The TGA analyses were performed with a thermal analysis system that
was set to a heating rate of 10 °C min—1 under nitrogen. Cyclic voltammograms and
differential voltammograms were recorded with an electrochemical analyzer that used glassy
carbon as the working electrode, Pt wire as the counter electrode, and saturated Ag/Ag+ as

the reference electrode.



Device fabrication and characterization

The solution processed BHJ organic solar cells with ITO/PEDOT:PSS/ active layer/Al
were prepared as follow: The indium tin oxide (ITO) coated glass substrates were cleaned
ultrasonically and subsequently in aqueous detergent, deionized water, isopropyl alcohol and
acetone and finally dried under ambient conditions. An aqueous solution of PEDOT:PSS
(Heraeus, clevious PVP, Al 4083) was pin cast on the ITO substrates to obtain a film with
thickness of about 40 nm and dried for 10 min at a temperature of 120° C. Mixture of DPP-
DPP and PC;,BM with weight ratios of 1:0.5, 1:1, 1:1.5, 1:2 and 1:2.5 in chloroform solution
(concentration 14 mg/mL) were prepared and then spin cast onto the top of the PEDOT:PSS
layer and dried at ambient conditions. Finally, the aluminum (Al) top electrode was thermally
deposited on the top of active layer in a vacuum of 10~ Torr through a shadow mask of 20
mm?. For the two step annealing (TSA) treatment, first the active layer was thermally
annealed at 120 °C for 10 min and cooled down to room temperature then the active layer
was kept in the petri dish containing 100 uL THF for 20 min. All the devices were fabricated
and tested under an ambient atmosphere without encapsulation. The hole-only and electron-
only devices with ITO/PEODT:PSS/DPP-DPP:PC;;BM/Au and ITO/AI/DPP-
DPP:PC;;BM/AI architectures were also fabricated in an analogous way, in order to measure
the hole and electron mobility, respectively. The current-voltage (J-V) characteristics of the
BHIJ organic solar cells were measured using a computer controlled Keithley 2400 source
meter in dark as well as under simulated AM1.5G illumination of 100 mW/cm?. A xenon
light source coupled with optical filter was used to give the stimulated irradiance at the
surface of the devices. The incident photon to current efficiency (IPCE) of the devices was
measured illuminating the device through the light source and monochromator and the

resulting current was measured using a Keithley electrometer under short circuit condition.

Synthesis of DPP-DPP

In 100 ml round bottom flask monobromodiketopyrrolopyrrole DPP1 (0.100 g, 0.15 mmol)
and bis(tributylstannyl)ethene (0.040 ml, 0.075 mmol) were dissolved in dry toluene (20 ml).
The reaction mixture was degassed with argon for 10 minutes and Pd(PPhs)4 (0.035g, 0.030
mmol), was then added. The reaction mixture was stirred at 80 °C overnight. After

completion of reaction, the reaction mixture was allowed to cool down to room temperature.



The solvent was removed under vacuo and the product was purified by repeated silica-
column chromatography with hexane : dichloromethane (1:1) as an eluent in 65% yield.

'"H NMR (400 MHz, CDCls, ¢ in ppm): 8.95 (2H, d, J = 4 Hz), 8.90 (2H, d, J = 4 Hz), 7.28
(4H, d, J=4 Hz), 7.23 (2H, s), 4.09 (8H, m), 2.17 (16H, s), 1.76 (8H, m), 1.26 (40H, s), 0.86
(12H, m); 13C NMR (100 MHz, CDCls, 6 in ppm): 161.4, 161.2, 147.0, 139.9,139.1, 136.3,
135.4, 130.8, 129.8, 129.3, 128.7, 1285, 122.8, 108.6, 108.1, 42.34, 42.26, 31.9, 30.1, 30.0,

29.6, 29.5, 29.30, 29.27, 26.93, 26 .91, 22.7, 14.1.

Synthesis of DPPTDPP

In 100 ml round bottom flask monobromodiketopyrrolopyrrole DPP1 (0.100 g, 0.15 mmol)
and bis(tributylstannyl)acetylene (0.040 ml, 0.075 mmol) were dissolved in dry toluene (20
ml). The reaction mixture was degassed with argon for 10 minutes and Pd(PPhs)4 (0.035g,
0.030 mmol), was then added. The reaction mixture was stirred at 80 °C overnight. After
completion of reaction, the reaction mixture was allowed to cool down to room temperature.
The solvent was removed under vacuo and the product was purified by repeated silica-
column chromatography with hexane : dichloromethane (1:1) as an eluent in 58% yield.

'"H NMR (400 MHz, CDCls, ¢ in ppm): 8.98 (2H, d, J = 4 Hz), 8.92 (2H, d, J = 4 Hz), 7.67
(2H, s), 7.45 (2H, s), 7.30 (2H, s), 4.08 (8H, m), 1.75 (8H, s), 1.44 (8H, m), 1.26 (46H, s),
0.87 (12H, m); 3C NMR (100 MHz, CDCls, 6 in ppm): 161.3, 161.2, 140.6, 138.4,135.8,
135.2, 135.1, 133.7, 132.2, 132.1, 131.6, 131.2, 13.4, 129.7, 128.7, 128.6, 128.4, 128.1,
127.9, 126.9, 109.0, 107.9, 90.5, 42.3, 31.9, 30.1, 29.9, 29.7, 29.5, 29.4, 29.3, 29.2, 26.2,

22.7,14.1.
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Fig.S1 DSC curves of DPP-DPP and DPPTDPP with a heating rate of 10 °C min-! under N,.
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Fig. S2 '"H NMR spectra of DPP-DPP
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Fig. S3 3C NMR spectra of DPP-DPP
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Fig. S4 Mass spectra of DPP-DPP
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Fig. S5 'H NMR spectra of DPPTDPP
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Fig. S6 '3C NMR spectra of DPPTDPP
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Fig. S7 Mass spectra of DPPTDPP

DFT calculations
Calculation method: B3LYP/6-31+G** for C, H, N, O, S with Gaussian 09.
DPP-DPP

Standard orientation:
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