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Introduction: For highly efficient organic solar cells (OSCs), electron donor should possess not only narrow band gap 

(Eg) but also low highest occupied molecular orbital (HOMO) energy level. To achieve it, here we designed and 

synthesized a diketopyrrolopyrrole (DPP) derivative end capped with ethyl thiophene-2-carboxylate moiety, DPP(CT)2. 

When DPP(CT)2 is blended with [6,6]-phenyl-C71-butyric acid methyl ester (PC71BM) for solution processable OSCs, a 

power conversion efficiency (PCE) of 4.02% combined with an open-circuit voltage (VOC) as high as 0.94 V and a broad 

photovoltaic response range extending to around 750 nm, is gotten. 

Scheme 1 Synthetic route to DPP(CT)2. 

Fig. 1 Energy level structure of DPP(CT)2. (a) UV-vis absorption spectra 

of DPP(CT)2 in CH2Cl2 solution and thin film. (b) Cyclic voltammogram 

of DPP(CT)2 in CH2Cl2 solution. 
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Fig. 2 (a) J-V characteristics and (b) external quantum 

efficiency spectra of DPP(CT)2:PC71BM based OSCs under 

illumination of AM 1.5G, 100 mW cm-2. 
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Active layer 
Blend 

ratio 
VOC (V) 

JSC (mA 

cm-2) 
FF PCE (%) μh (cm2V-1s-1) μe (cm2V-1s-1) 

DPP(CT)2:PC71BMa 50:50 0.94 7.53 0.44 3.11 8.68×10-6 1.91×10-5 

DPP(CT)2:PC71BMa 60:40 0.94 8.55 0.50 4.02 9.64×10-6 2.19×10-6 

DPP(CT)2:PC71BMa 70:30 0.94 7.84 0.46 3.36 9.57×10-6 1.69×10-6 

DPP(CT)2:PC71BMb 60:40 1.02 3.31 0.34 1.14 7.44×10-6 1.66×10-7 

a These devices are annealed at 90 oC for 10 min; b as-cast. 

Table 1. Photovoltaic Performances of OSCs 

Fig. 3 AFM images of DPP(CT)2:PC71BM blended films. (a) 

As-cast 60:40 film, (b) annealed 50:50 film, (c) annealed 

60:40 film, and (d) annealed 70:30 film.  

[1] H. J. Son, F. He, B. Carsten and L. P. Yu, J. Mater. Chem., 2011, 21, 18934-18945. 

[2] Y. M. Sun, G. C. Welch, W. L. Leong, C. J. Takacs, G. C. Bazan, and A. J. Heeger, Nat. Mater., 2012, 11, 44-48. 

[3] X. L. Hu, L. J. Zuo, W. F. Fu, T. T. Larsen-Olsen, M. Helgesen, E. Bundgaard, O. Hagemann, M. M. Shi, F. C. Krebs, and H. Z. Chen, J. 

Mater. Chem., 2012, 22, 15710. 

 

An ester-functionalized diketopyrrolopyrrole molecule for solution-

processed organic solar cells with the enhanced open-circuit voltage 

References 


