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1) Context / Study motivation 

One of the most important issues for 
enhancing the power conversion efficiency (PCE) 
of polymer solar cells (PSCs) is the development 
of conjugated polymers which exhibit broad light 
absorption with strong absorptivity, high charge 
carrier mobility, suitable energy level matching 
with the electron acceptor (fullerene derivatives), 
and appropriate molecular orientation to form an 
optimum pathway of charge carriers to the 
corresponding electrodes. In past few years, 
remarkable progress in the PCE surpassing 8% 
have been achieved with the configuration of 
bulk-heterojunction network structure consisting 
of high performance conjugated polymer as an 
electron donor and fullerene derivative as an 
acceptor.  

Isoindigo is a dye molecule with two lactam 
rings pertaining strong electron-withdrawing 
characteristic and planar -conjugated structure. 
Particularly, the planar molecular structure is 
expected to afford high charge carrier mobility. 
Moreover, isoindigo-based organic compounds 
show broad optical absorption, high extinction 
coefficient, and deep HOMO energy level. 
Therefore, isoindigo is a promising building block 
for constructing low bandgap conjugated polymers 
to achieve high performance PSCs. 
 
2) Description of approach and techniques  

We synthesized random conjugated 
copolymers consisting of DPP and isoindigo as 
co-electron donor units in donoracceptor type 
conjugated copolymer for panchromatic 
absorption (Scheme 1). 

We also synthesized highly -extended 
conjugated low bandgap polymer composed of 
isoindigo (iI) and thienylvinylene (TVT) and 
compared the photovoltaic properties of PiITVT 
with those of PiI2T which is an isoindigo-based 
polymer without vinyl linkage, in order to 
examine the effect of vinylene linkage on the 
photovoltaic properties of isoindigo-based 

polymers (Scheme 2). 
 
3) Results / Conclusions / Perspectives 
The copolymer containing equal amount of DPP 
and isoindigo in the copolymer absorbs wide range 
of solar spectrum from 600 to 900 nm with low 
HOMO level, which is beneficial for achieving 
high performance PSCs (Figure 1). Furthermore, 
the random copolymers have semi-crystalline 
nature along with preferential face-on orientation 
on the substrate, which facilitates effective charge 
transport in vertical direction to the electrode. The 
morphology analysis reveals that an addition of 
DIO effectively reduces the domain size, which 
also contributes to efficient charge transport for 
high short circuit current (JSC) of PSCs. Under the 
optimized condition, the copolymer-based PSC 
exhibits a promising PCE of 6.04% with a VOC of 
0.77 V and a JSC of 13.52 mA/cm2 and a FF of 0.58, 
which are superior to the values of the two 
homopolymers (Figure 2). Therefore, the synthesis 
of random conjugated copolymer provides a 
potential approach to achieve high performance 
organic solar cells with panchromatic light 
absorption. 
When the solar cell device fabricated from 

PiITVT:PC61BM blend was optimized by varying 
the mixing ratio of mixed solvent, the device 
exhibited a PCE of 7.09%, which is much higher 
than the best PCE of PiI2T:PC71BM blend (Figure 
3). The JSC of the optimized device fabricated from 
PiITVT is higher than that of optimized PiI2T-
based device (13.2 mA cm−2 vs. 10.7 mA cm−2) 
while the VOC and fill factor of both devices are 
almost the same. External quantum efficiency 
spectra also identify that PiITVT has higher JSC 
than PiI2T. This is probably because PiITVT has 
more favorable molecular and packing structure to 
transport free charge carriers (Figure 4). 

In short, this work clearly shows that idoindigo 
unit is a promising building block for constructing 
conjugated polymer to achieve high performance 
PSCs. 



 

 
 
Scheme 1. Synthetic scheme of conjugated random 
copolymers. 

 
 

 
 
Scheme 2. Chemical Structure of PiI2T and PiITVT. 
 
 

 
Figure 1. UV-Vis absorption spectra of PIT, PDPP3T and 
random copolymers in solution. 
 

 
Figure 2. (a) J-V curve and (b) ICPE spectra of the PCEs 
based on OIT, PDPP3T and random coopolymers. 

 
Figure 3. (a) Current density-voltage curves and (b) external 
quantum efficient spectra of PiI2T:PC71BM and 
PiITVT:PC61BM bulk heterojunction solar cells under 
optimized conditions. 

 
Figure 4. GIWAXS patterns of blend thin films of (a) 
PiI2T:PC61BM fabricated from CF:DIO (96:4 v/v) and (b) 
PiITVT:PC61BM fabricated from CF:DCB (9:1 v/v); (c) out-
of-plane and (d) in-plane cuts of the corresponding GIWAXS 
patterns. 
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