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1. Thermal properties 

The thermal properties of P-BNBP-2f and P-BNBP-4f were determined by thermogravimetric 

analysis (TGA) in N2 flow. They show good thermal stability with thermal decomposition 

temperature (Td) at 5% weight loss of 350 oC. 

 
Figure S1. TGA curves of P-BNBP-2f and P-BNBP-4f. 

2. Theoretical calculations 

The structural optimizations and DFT calculations of the model compounds P-BNBP-2f and 

P-BNBP-4f were performed using Gaussian 09 program at the B3LYP/6-31G(d,p) level of theory[1]. 

P-BNBP-2f and P-BNBP-4f contain four repeating units with the long alkyl chains on BNBP are 

replaced by the methyl groups.  

 

Figure S2. The optimized structures and Kohn-Sham LUMOs and HOMOs of the model 

compounds of P-BNBP-2f and P-BNBP-4f. 
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3. Electron mobilities 

The electron/hole mobilities were measured using the space-charge-limited current (SCLC) 

method based on the J-V curves of the electron-only/hole-only devices. The electron-only device 

structure is ITO/PEIE/Active layer/Ca/Al and the hole-only device structure is 

ITO/PEDOT:PSS/Active layer/MoO3/Al. The J-V curves in the range of 0–10 V were recorded 

using a computer-controlled Keithley 2400 source meter, and the results were fitted to a 

space-charge limited function: 









=

L
V

L
VJ r βµεε 890

8
9

3

2

0 .exp  

where J is the current density, ε0 is the permittivity of free space, εr is the relative permittivity of 3 

for conjugated polymers, μ is the zero-field mobility, V is the potential across the device (V = 

Vapplied–Vbias–Vseries), L is the thickness of active layer, and β is the field-activation factor. The series 

and contact resistance (Vseries) of the device (10–15 Ω) were measured using blank device of 

ITO/PEIE/Ca/Al or ITO/PEDOT:PSS/MoO3/Al. 

 
Figure S3. Space-charge-limited current (SCLC) fittings of the electron-only devices based on the 

thin films of P-BNBP-2f and P-BNBP-4f.  
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4. Photophysical and electrochemical properties  

 
Figure S4. a) UV−Vis absorption spectra of P-BNBP-2f and P-BNBP-4f in solutions at 25 oC. b) 

Cyclic voltammograms of P-BNBP-2f and P-BNBP-4f; Fc = ferrocene.  
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5. All-PSC device performance and characterizations 

 
Figure S5. a) J–V curves and b) EQE spectra of the all-PSC devices based on the J61:P-BNBP-2f 

blend in CF solution with various ratios.  

 

Table S1. Device performance of the all-PSC devices based on the J61:P-BNBP-2f blend in CF 

solution with various ratios. 

Donor:Acceptor Voc 
(V) 

Jsc 
(mA cm‒2) FF PCE 

(%) 

1:1 1.26 8.37 0.47 4.92 

1:2 1.26 7.70 0.50 4.84 

2:1 1.27 7.35 0.45 4.19 
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Figure S6. a) J–V curves and b) EQE spectra of the all-PSCs based-on the J61:P-BNBP-2f blends 

in CB, CF and CF with 0.3 vol% CN, respectively.  

 

 

Table S2. Device performance of the all-PSCs based-on the J61:P-BNBP-2f blends in CB, CF and 

CF with 0.3 vol% CN, respectively. 

Solvents 
Voc 

(V) 

Jsc 

(mA cm−2) 

FF 

(%) 

PCE 

(%) 

CB 1.24 6.48 0.50 4.03 

CF 1.26 8.37 0.47 4.92 

CF/0.3 vol% CN 1.26 8.93 0.47 5.26 
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Figure S7. J‒V curves of the all-PSCs based-on the J61:P-BNBP-2f blend in CF solution with 

different annealing temperatures.  

 

 

Table S3. Device performance of the all-PSCs based-on the J61:P-BNBP-2f blend in CF solution 

with different annealing temperatures. 

Annealing 

temperature 

(oC) 

Voc 

(V) 

Jsc 

(mA cm−2) 

FF 

(%) 

PCE 

(%) 

r.t. 1.26 7.21 0.52 4.68 

80 1.26 8.37 0.47 4.92 

100 1.25 7.09 0.52 4.64 

120 1.24 7.07 0.52 4.53 
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Figure S8. J‒V curves of the all-PSCs based-on the J61:P-BNBP-2f blend in CF solution with CN 

additive.  

 

 

Table S4. Device performance of the all-PSCs based-on the J61:P-BNBP-2f blend in CF solution 

with CN additive. 

Additive content 

(vol %) 

VOC 

(V) 

JSC 

(mA cm−2) 

FF 

(%) 

PCE 

(%) 

0 1.26 8.37 0.47 4.92 

0.3 1.26 8.93 0.47 5.26 

0.5 1.27 8.61 0.50 5.46 

0.8 1.27 8.18 0.51 5.32 

1.0 1.26 8.61 0.47 5.06 

2.0 1.25 7.41 0.51 4.70 
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Figure S9. J‒V curves of the all-PSCs based-on the J61:P-BNBP-4f blend in CF solution with or 

without CN additive.  

 

 

Table S5. Device performance of the all-PSCs based-on the J61:P-BNBP-4f blend in CF solution 

with or without CN additive. 

Additive content 

vol % 

Voc 

(V) 

Jsc 

(mA cm−2) 

FF 

(%) 

PCE 

(%) 

0 1.24 2.70 0.39 1.30 

0.5 1.22 2.44 0.38 1.12 

     

 

 



 10 

 

Figure S10. J‒V curves of the all-PSCs based-on the J61:P-BNBP-4f blend in CF solution with 

various ratios.  

 

 

Table S6. Device performance of the all-PSCs based-on the J61:P-BNBP-4f blend in CF solution 

with various ratios. 

Donor:Acceptor 
Voc 

(V) 

Jsc 

(mA cm−2) 

FF 

(%) 

PCE 

(%) 

1:1 1.24 2.70 0.39 1.30 

1:2 1.23 3.04 0.33 1.22 

2:1 1.23 2.41 0.30 0.89 
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Figure S11. J‒V curves of the all-PSCs based-on the PBDTTT-E-T:P-BNBP-2f blend in CF 

solution with or without CN additive. 

 

 

Table S7. Device performance of the all-PSCs based-on the PBDTTT-E-T:P-BNBP-2f blend in CF 

solution with or without CN additive. 

Additive content 

(vol %) 

VOC 

(V) 

JSC 

(mA cm−2) 

FF 
 

PCE 

(%) 

0 1.10 7.56 0.42 3.51 

0.5 1.10 6.27 0.43 2.94 
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Figure S12. J‒V curves of the all-PSCs based-on the J61:P-BNBP-4f blend in CF solution with 

various ratios.  

 

 

Table S8. Device performance of the all-PSCs based-on the J61:P-BNBP-4f blend in CF solution 

with various ratios. 

Donor:Acceptor 
VOC 

(V) 

JSC 

(mA cm−2) 

FF 
 

PCE 

(%) 

1:1 1.10 7.56 0.42 3.51 

1:2 1.11 7.09 0.43 3.39 

2:1 1.11 6.68 0.41 3.08 
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Table S9. Device statistics of the optimized all-PSCs device performance.[a] 

Donor:acceptor 
VOC 
(V) 

JSC 

(mA cm−2) 
FF 

PCE  

(%) 

J61:P-BNBP-2f 1.27±0.005 8.61±0.14 0.50±0.02 5.46±0.20 

PBDTTT-E-T:P-BNBP-2f 1.10±0.01 7.56±0.10 0.42±0.01 3.51±0.04 

J61:P-BNBP-4f 1.24±0.003 2.71±0.15 0.39±0.01 1.30±0.15 

PBDTTT-E-T:P-BNBP-4f 1.11±0.002 1.18±0.18 0.28±0.01 0.36±0.18 

[a]Average±standard deviation. 

 



 14 

 
Figure S13. SCLC fittings of the hole-only devices of a) J61:P-BNBP-2f, c) 

PBDTTT-E-T:P-BNBP-2f, e) J61:P-BNBP-4f as well as g) PBDTTT-E-T:P-BNBP-4f blend films 

and electron-only devices of b) J61:P-BNBP-2f, d) PBDTTT-E-T:P-BNBP-2f, f) J61:P-BNBP-4f 

as well as h) PBDTTT-E-T:P-BNBP-4f blend films. 
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Figure S14. The AFM images of the active layers: a) the J61:P-BNBP-2f blend; b) the 

PBDTTT-E-T:P-BNBP-2f blend; c) the J61:P-BNBP-4f blend and d) the PBDTTT-E-T:P-BNBP-4f 

blend.  
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Figure S15. The GI-XRD patterns of the polymer pristine films and the polymer blend films based 

on a) P-BNBP-4f and J61; b) P-BNBP-4f and PBDTTT-E-T. 



 17 

 
Figure S16. The IP-XRD patterns of the polymer pristine films and the polymer blend films based 

on a) P-BNBP-2f and J61; b) P-BNBP-4f and J61; c) P-BNBP-2f and PBDTTT-E-T; d) 

P-BNBP-4f and PBDTTT-E-T. 
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6. 1H NMR spectra 

 
Figure S17. 1H NMR spectrum of P-BNBP-2f. 

 

 

 

Figure S18. 1H NMR spectrum of P-BNBP-4f. 
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