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Materials. Unless stated otherwise, all the solvents and chemical reagents used 

were obtained commercially and were used without further purification. Toluene was 

distilled from sodium benzophenone under nitrogen prior to use. Compound 1 was 

synthesized according to a literature procedure.1 Compounds 2 were purchased from 

LumTec Inc.

Characterization. The 1H- and 13C-NMR spectra were measured using a Bruker 

AVANCE 400 MHz spectrometer employing tetramethylsilane (TMS; δ = 0 ppm) as 

an internal standard. Elemental analysis was carried out using a Flash EA 1112 

elemental analyzer. Mass spectra were measured using a Bruker Daltonics Biflex III 

MALDI-TOF Analyzer in the MALDI mode. Solution (chloroform) and thin film (on 

a quartz substrate) UV-vis absorption spectra were recorded using a Jasco V-570 

spectrophotometer. Electrochemical measurements were carried out under nitrogen in 

a deoxygenated solution of tetra-n-butylammonium hexafluorophosphate (0.1 M) in 

acetonitrile using a potential scan rate of 100 mV s–1 employing a computer-

controlled Zahner IM6e electrochemical workstation, a glassy-carbon working 

electrode coated with the IDT-2BR film, a platinum-wire auxiliary electrode, and an 

Ag/AgCl electrode as a reference electrode. The potentials were referenced to a 

ferrocenium/ferrocene (FeCp2
0/+) couple using ferrocene as an external standard. 

Thermogravimetric analysis (TGA) measurements were performed using a Shimadzu 

thermogravimetric analyzer (Model DTG-60) under flowing nitrogen gas at a heating 

rate of 10 °C min–1. The nanoscale morphology of the blended films was observed 



using a Veeco Nanoscope V atomic force microscope (AFM) in the tapping mode. 

The transmission electron microscopy (TEM) characterization was carried out using a 

JEM-2200FS. The samples for the TEM measurements were prepared as follows: The 

active-layer films were spin-casted on ITO/PEDOT:PSS substrates, and the ITO glass 

with the active layers were submerged in deionized water (10 min) to make the active 

layers float onto the air–water interface. Then the floated films were picked up on 

unsupported 200 mesh copper grids for the TEM measurement.

Computational Details. Density functional theory calculations were performed with 

the Gaussian 09 program,2 using the B3LYP functional3 and 6-311G* basis sets.4 

Geometry optimization was performed with no symmetry constraints in gas phase 

without solvent effects. Vibration frequency calculation was performed and no 

imaginary frequencies were found.
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Fig. S1 TGA curve of IDT-2BR.
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Fig. S2 The J–V curves of the devices based on P3HT: IDT-2BR with different 

donor/acceptor ratios under the illumination of AM 1.5G, 100 mW cm−2.
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Fig. S3 (a) The J–V curve under the illumination of AM 1.5G, 100 mW cm−2 and (b) 

IPCE curve of the device based on P3HT: PC61BM (1:1, w/w) after thermal annealing 

at 140 °C for 10 min.
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Fig. S4 J-V characteristics for (a) electron-only and (b) hole-only devices based on 

IDT-2BR pristine and blended (P3HT: IDT-2BR = 1: 0.6, w/w) films.



Fig. S5 Two-dimensional GIWAXS patterns of (a) IDT-2BR, (b) P3HT pristine and 

P3HT: IDT-2BR (1: 0.6, w/w) blended films (c) without CN and (d) with 3% CN on 

SiO2/Si substrate.



Table S1 Photovoltaic performance of the OSCs based on P3HT: IDT-2BR blends (1: 

0.6, w/w) with 3% CN with various active layer thicknesses 

thickness (nm)
VOC

(V)

JSC

(mA cm-2)

FF

(%)

PCEmax (PCEave) 

(%)

60 0.85 8.48 68.0 4.91 (4.82)

80 0.84 8.91 68.1 5.12 (5.04)

110 0.84 8.70 67.7 4.95 (4.88)

140 0.83 8.55 67.8 4.83 (4.74)

180 0.83 8.49 66.9 4.72 (4.61)

220 0.83 8.39 65.9 4.60 (4.50)

Table S2 SCLC data of hole-only and electron-only devices based on IDT-2BR neat 

film, P3HT: IDT-2BR (1: 0.6, w/w) blended film, and P3HT: PC61BM (1:1, w/w) 

blended film

film CN (%) μh (cm2 V-1 s-1) μe (cm2 V-1 s-1) μh/μe

IDT-2BR / / 3.4 × 10-4 /

/ 6.1 × 10-4 1.5 × 10-4 4.1P3HT: IDT-2BR

P3HT: IDT-2BR 3 2.0 × 10-4 2.6 × 10-4 0.77

P3HT: PC61BM / 1.4 × 10-5 3.8 × 10-4 0.04
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