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Measurements and characterizations
1H NMR (400 MHz) was recorded with a Bruker AVANCE 400 spectrometer in 

deuterated dichloromethane (CDCl3) and 1,2-dichlorobenzene (C2D4Cl2). Chemical 

shifts are given in ppm units using tetramethylsilane (TMS) as an internal standard.  

UV-vis spectra were tested with UV-3600i PLUS (Shimadzu Corporation). 

CV measurements were carried out on an electrochemical workstation a standard 

three-electrode configuration, a Pt plate coated with a thin film as a working electrode, 

an Ag/AgCl reference electrode, and a Pt wire counter electrode. The measurements 

were done in anhydrous acetonitrile with tetrabutylammonium hexafluorophosphate 

(0.1 M) as the supporting electrolyte under an argon atmosphere at a scan rate of 100 

mV s-1. The J-V curves were conducted on the Zolix Solar IV-150A-ZZU system. The 

photocurrent was measured using a Zolix HPS-300XA solar simulator under AM 1.5 

G illumination, and light intensity was calibrated with a Zolix QE-B1 Si-based solar 

cell. The EQE spectra were measured using a Zolix SCS10-X150-DSSC-ZZU system. 

AFM height images were obtained on a Multimode 8HR at the tapping mode. 

Materials and Synthesis

All the reagents were purchased from commercial sources and used without 

further purification. Solvents were bought from the Beijing Chemical Plant. The 

Polymer of J52 was bought from Solarmer Material Inc. The polymers J52 and J52-Cl 

were reported according to previous work.1 Compounds 1 and 2 were synthesized 

according to the synthesis method reported in the literature.2,3

Scheme S1. Synthetic route of BTA79.
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Compound 1 (100 mg, 0.094 mmol) and Compound 2 (120 mg, 0.28 mmol) 

were dissolved into chloroform (10 mL) and stirred at 65 ℃ under the protection of 

nitrogen, pyridine (0.3 mL) was slowly dropped by syringe. The mixture was stirred 

for 24 hours, then water was added and the mixture was extracted with 

dichloromethane. The organic phase was dried over anhydrous magnesium sulfate. 

After removing the solvent, the residue was purified by column chromatography on 

silica gel employing petroleum ether: dichloromethane (1:1, v/v) as eluent, yielding a 

black solid BTA79 (130 mg, 76%).1H NMR (400 MHz, CDCl3) δ 9.15 (s, 2H, Ar), 

8.80-8.78 (d, J = 8.3 Hz, 2H, Ar), 8.22-8.19 (d, J = 13.0 Hz, 4H, Ar), 8.05-8.00 (m, 

4H, Ar), 7.75-7.72 (m, 2H, Ar), 4.95-4.90 (q, J = 7.3 Hz, 2H, N-CH2-), 4.79-4.76 (t, J 

= 7.1 Hz, 8H, N-CH2-), 3.19-3.17 (m, 4H, -CH2-), 2.16-2.07 (m, 8H, -CH2-), 1.86-

1.82 (t, J = 7.3 Hz, 3H, -CH3), 1.38-1.25 (m, 74H, -CH- or -CH2-), 0.87-0.82 (m, 24H, 

-CH3), 0.77-0.72 (q, J = 7.3 Hz, 6H, -CH3), 0.65-0.60 (q, J = 7.1 Hz, 6H, -CH3). 13C 

NMR (101 MHz, CDCl3) δ 187.19, 159.77, 151.74, 145.79, 143.89, 143.39, 137.93, 

136.79, 135.84, 135.08, 133.06, 132.25, 128.05, 124.87, 120.67, 119.82, 117.99, 

115.72, 114.77, 114.26, 110.70, 66.40, 55.95, 54.48, 50.41, 39.31, 38.95, 33.70, 32.58, 

32.35, 30.84, 29.05, 28.64, 27.98, 26.55, 25.57, 22.32, 22.01, 21.75, 21.59, 14.45, 

13.05, 12.71, 9.34.

Photovoltaic device fabrication

The OSC devices were fabricated with a structure of ITO/PEDOT: PSS/active 

layer/ PFN-Br/Ag. A 30 nm layer of PEDOT: PSS was spin-casted on pre-cleaned 

ITO-coated glass at 3000 rpm for 30 s and baked at 150 C for 15 min before being 

transferred into the glove box. The Donor: Acceptor/third component (D: A) ratio of 1: 

1 (w/w) was dissolved in CF (chloroform) with a total concentration of 15 mg/mL 

with 0.75% (v/v) CN for 2 hours. Then the active layers were spin-coated from the 

above solution with thermal annealing of 130℃/10min. A PFN-Br layer was spin-

coated on the top of all the active layers at 3000 rpm for 30 s. PFN-Br was dissolved 

in methanol at a concentration of 0.5 mg/mL. Finally, the Ag (100 nm) metal top 
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electrode was thermally evaporated onto the active layer under about 4×10-4 Pa. The 

active area of the device was 0.05 cm2.

Carrier mobility measurements

The hole mobility of the blend films was measured with the structure of 

ITO/PEDOT: PSS/active layer /Au and the electron mobility of the blend films was 

measured with the structure of f ITO/ZnO/active layer/Ag. 

The hole and electron mobilities were calculated by the Mott-Gurney equation:

J= (9/8)ε0εrμ(V2/L 3)

Where J stands for current density, ε0 is the permittivity of free space (8.8510-

12C·V-1 m-1), εr is the relative dielectric constant of the transport medium (assuming 

that of 3.0), μ is the carrier mobility, V is the internal potential in the device and L is 

the thickness of the active layer. The active layer thickness is about 100 nm.

Supporting figures and tables

Figure S1. 1H NMR spectrum of BTA79 in CDCl3. 
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Figure S2. 13C NMR spectrum of BTA79 in CDCl3. 
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Figure S3. Cyclic voltammograms of J52, J52-Cl, and BTA79 with Ag/AgCl as a 

reference electrode.



S6

Figure S4. DFT molecular orbital energy levels of BTA79.

Figure S5. Top view and side view of optimized geometries for BTA79.
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Figure S6. Hole and electron mobility plots from SCLC methods.

Figure S7. Water (a) and glycerol (b) contact angles for BTA79, J52-Cl, and J52. 

Table S1. The optical absorption and electrochemical properties of the related 

compounds.

a Evaluated by cyclic voltammetry corresponding to their first oxidation potential. 
b deducting the optical bandgap from EHOMO. 

Materials HOMOa

(eV)

LUMOb

(eV)

λmax, solution

(nm)

λmax, film

(nm)

λonset, film 

(nm)

Eopt g

(eV)

J52 -5.13 -3.22 542, 584 548, 594 649 1.91

J52-Cl -5.39 -3.45 540, 581 544, 589 639 1.94
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Table S2. Summary of device parameters of J52:BTA79 under different conditions. 

D: A Additives TA (°C) VOC (V) JSC (mA cm-2) FF (%) PCE (%)

DPE (0.5%) / 0.93 14.80 59.02 8.09

DPE 100 0.93 15.79 59.95 8.78

1:1

DPE 130 0.93 15.97 59.21 8.79

DIO (0.5%) / 0.80 4.67 32.25 1.21

DIO 100 0.93 13.74 59.93 7.60

1:1

DIO 130 0.89 11.32 52.82 5.32

CN (0.5%) / 0.92 14.07 55.98 7.26

CN 100 0.93 16.03 55.74 8.34

1:1

CN 130 0.93 15.81 61.17 8.99

CN (0.5%) 100 0.94 16.86 55.36 8.78

CN 130 0.93 17.90 56.67 9.48

1:1.5

CN 160 0.92 17.28 56.22 8.95

CN (0.5%) 100 0.91 16.48 45.90 6.86

CN 130 0.91 17.17 49.92 7.82

1.5:1

CN 160 0.88 14.24 13.51 5.43

CN (0.25%) 130 0.92 19.43 56.09 10.06

CN (0.5%) 130 0.92 17.52 58.42 9.47

1:1

CN (0.75%) 130 0.93 19.90 57.14 10.11
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Table S3. Water and glycerol contact angle for BTA79, J52, and J52-Cl. 
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Surface BTA79 J52-Cl J52

θWater (°) 97.39 105.28 104.27

θGlycerin (°) 34.45 53.65 52.73

γ (mN m-1) 43.78 33.06 33.99


