
Copyright WILEY-VCH Verlag GmbH & Co. KGaA, 69469 Weinheim, Germany, 2014.

Supporting Information

for Adv. Mater., DOI: 10.1002/adma.201306242

High Performance All-Polymer Solar Cell via Polymer Side-
Chain Engineering

Yan Zhou, Tadanori Kurosawa, Wei Ma, Yikun Guo, Lei
Fang, Koen Vandewal, Ying Diao, Chenggong Wang, Qifan
Yan, Julia Reinspach, Jianguo Mei, Anthony Lucas Appleton,
Ghada I. Koleilat, Yongli Gao, Stefan C. B. Mannsfeld,
Alberto Salleo, Harald Ade*, Dahui Zhao*, and Zhenan Bao*



Copyright WILEY-VCH Verlag GmbH & Co. KGaA, 69469 Weinheim, Germany, 2013. 
 
Supporting Information  
 
 
Title High Performance All-Polymer Solar Cell via Polymer Side-Chain Engineering  
 
Yan Zhou1, Tadanori Kurosawa1, Wei Ma3, Yikun Guo2, Lei Fang1, Koen Vandewal4, 
Ying Diao1,5, Chenggong Wang6, Qifan Yan2, Jianguo Mei1, Anthony Lucas Appleton1, 
Ghada I. Koleidat1, Yongli Gao6, Stefan C. B. Mannsfeld5, Alberto Salleo4, Harald Ade3*, 
Dahui Zhao2*, Zhenan Bao1*  
 
 

 

Scheme S1. Polystyrene modified polymer donor.[22] 

Table S1. Opto-physical characteristics of the donors and acceptor. The optical band 

gaps were calculated from the unset of the absorption of neat polymer films on ZnO 

covered glass. The HOMO and LUMO levels were obtained by UPS and IPES 

measurement under vacuum. The molecular weight and PDI of all polymers were 

measured by high temperature GPC with 1,2,4-trichlorobenzene as the solvent and 

polystyrenes as the calibration standards at 160 oC. 



polymers Eg,opt./eV EHOMO/eV ELUMO/eV max, em/nm max,abs/nm PDI n/kD 
PiI-2T 1.65 -5.41 -3.76 800 701,635 2.89 12.1 
PiI-tT 1.61 -5.30 -3.74 825 722,658 2.68 18.1 

PiI-BDT 1.70 -5.45 -3.65 740,800 673,612 2.21 16.3 
PiI-2F 1.61 -5.32 -3.72 820 711,646 1.66 28.8 
P(TP) 1.80 -5.60 -3.80 760 565 2.10 20.5 

 

Table S2. The d-spacing of the pure polymer films measured by GIXRD. The films were 

prepared by spin-coating on ZnO covered silicon substrates. 

 PiI-2T PiI-BDT PiI-tT PiI-2F PiI-2T-PS5 PiI-tT-PS5 
dlamella/Å 19.72 19.84 20.98 19.56 19.34 21.54 
dÅ 3.67 3.51 3.50 3.65 3.69 3.50 

 

Table S3. The hole and electron mobilities of the donor and acceptor polymers, 

respectively. 

The mobilities were measured by SCLC diode, and calculated from equation S1. The 

hole mobilities were measured by hole only diode with structure of 

ITO/PEDOT:PSS/blend film/MoO3/Ag, and the electron mobility was measured by 

electron only diode with structure of ITO/ZnO/Blend film/LiF/Al. 

 PiI-2T PiI-BDT PiI-tT PiI-2F PiI-2T-PS5 P(TP)a 
mobility/  

×10-4cm2 V-1 s-1 1.8 1.3 1.8 2.0 1.4 0.2 

a. Electron mobility. 

                                            Equation S1 



 

Figure S1. GIXRD patterns of the neat donor films and the blends films with P(TP). All 

the scattering intensities with the same donor were shown in the same scale bars for 

comparison.  

We evaluated the BHJ blend morphology by GIXRD. Only the scattering signals from 

the donor polymers were visible. All the BHJ films still showed strong lamellar patterns 

from the donor polymer. The d-spacing did not change between the neat films and blend 

films, for both the lamellar distance and the  distance, but the intensities of those 

diffraction patterns were notably lower. This indicates that the crystallinity of the donor 

polymers was reduced by blending with the acceptor polymer, but the orientation of the 

crystalline regions remains unchanged. 
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Figure S2. IQE spectra of the all polymer solar cell. PiI-2T(empty circle), PiI-

BDT(empty square), filled squares(PiI-2F) and filled circle(PiI-tT). 



 

Figure S3. The high sensitive EQE spectra and electro-luminance spectra of the pure 

polymer donors and the blends with P(TP).(A~D). High sensitive EQE spectrum of the 

blends with P(TP) and P3HT. 
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Figure S4. Double pass absorption of the devices. PiI-2T(empty circle), PiI-BDT(empty 

square), filled squares(PiI-2F) and filled circle(PiI-tT). 

 

Figure S5. J-V curves(A), EQE spectra(B), IQE spectra(C) and RSoXS scatering features 
of solar cell made by PiI-tT/P(TP) (circles) and PiI-tT-PS5/P(TP) (filled circles).  
 
 

We evaluate the recombination mechanisms of the charge carriers in the all polymer 

solar cell to better understand the device characteristics and to further optimize the 

performance. We thus tested the J-V curves under different light intensities. As shown in 

figure S6a and S6b, the JSC followed power relationship with the incident light 

intensity(JSC ∝L.I. , with PiI-2T/P(TP) and PiI-BDT/P(TP) having a power index() of 



0.92 to 0.94, while PiI-2F/P(TP) and PiI-tT/P(TP) had power index of 0.88 and 0.84, 

respectively. The deviations of powers from 1 indicated that even at the JSC condition, 

bimolecular recombination was significant in these devices. The low power index of the 

PiI-2F and PiI-tT with respectively lower JSC confirmed the severe free-charge 

recombination in those films. As shown in figure 4b, the VOC followed different trends, 

with PiI-2T, PiI-BDT and PiI-2F, the slope was around 1.1kT/q, indicating bimolecular 

recombination’s dominance in this condition. And in PiI-tT films, the index was larger 

than 2kT/q, which showed that severe monomolecular recombination occurred even in 

the VOC region. Such monomolecular recombination most probably is caused by the large 

phase separation in the polymers blends. 

 

Figure S6. A) JSC vs the incident light intensity(L.I.) and B) VOC vs the Ln(L.I.).  
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Figure S7. J-V curves of PiI-2T-PS5/P(TP) under different annealing conditions prior the 
deposition of the electrodes. 
 

 
Figure S8. The R-SoXS scattering profiles at 270 eV and 283 eV for PiI-2T/P(TP) 
blends.  At 270 eV, the vacuum/materials contrast dominates the scattering, and a weak 
peak is observed. At 283 eV, due the enhanced polymer-polymer contrast, the peak is 
more clear and intense. 



0.1

1

10

100

1000

104

1 10

2T
2T-PS
BDT
tT
2F
P(TP) a

y = 105.36 * x^(2.0385)   R= 0.99925 

y = 41.561 * x^(1.9973)   R= 0.99969 

y = 21.401 * x^(1.9847)   R= 0.99736 

y = 9.4064 * x^(2.0371)   R= 0.99979 

y = 74.151 * x^(2.0034)   R= 0.99972 

y = 5.1575 * x^(2.003)   R= 0.99249 

V-V
bi

/V
 

Figure 9. Raw SCLC data for the hole only and electron only diodes. 
 

 
Figure 10. AFM images of the blend films. All the images are 1×1 m2. 


