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Organic solar cells based on the bulk heterojunction (BHJ) represent one of the most promising 
technologies for next-generation solar energy conversion due to their low-cost and scalability. In the last 
ten years, the highest power conversion efficiency (PCE) obtained from organic solar cells has risen 
from 2.5 to 12%.1 Controlling BHJ morphology is essential for achieving high PCE. Processing BHJ 
layers with solvent additives has proven to be an effective strategy toward achieving BHJ morphology 
correlated with high efficiency. As examples, the incorporation of a small percentage of solvent 
additives, such as 3v% and 0.25 v% of 1,8-diiodooctane (DIO) in PTB7:PC71BM2 and 
DTS(PTTh2)2:PC71BM3, respectively, results in a nearly doubling of device efficiency. However, the 
mechanism underlying their role in improving power conversion efficiency (PCE) has remained elusive. 
The general picture of a correlation between solvent constituents and the morphology within the 
deposited active layer film is clear, but the nature of this correlation is unknown—and it must be 
deciphered in order to adopt a more rational approach to improving device function. Using a 
combination of characterization techniques including x-ray and neutron scattering as well as advanced 
electron microscopy, we probe the influence of additives on active layer morphology in several state-of-
the-art BHJ blend systems. Through the integrated analysis of real- and reciprocal-space data, we 
uncover new insights into the role of additives that can be generalized across multiple materials. 

 
In this work, in order to explore general principles of the impact of additives on organic solar cells, 

several high-performance materials were selected for study. PTB72 and PBDTP-DPP4 represent top-
performers among conjugated polymers in polymer:fullerene BHJ devices and DTS(PTTh2)2

3 is among 
the leading solution-processed small molecule materials when blended with fullerenes. Morphology in 
these high-performance systems varies quantitatively, but each system shares some common structural 
motifs. Key among these is a hierarchical morphology comprised of crystallites several nanometers in 
scale, aggregates of crystallites spanning tens of nanometers, and donor-rich/acceptor-rich regions 
nearly an order of magnitude larger (Figure 1). The superior performance of polymer:fullerene BHJ 
solar cells is attributed to hierarchical nanomorphologies with optimum crystallinity and nanoscale 
intermixing of copolymers with fullerenes.5 In addition, these morphologies are not equilibrium 
structures, meaning that the kinetic pathway by which they are created is central. The solvent additives 
induce the change in the formation mechanism of polymer:fullerene nanomorphologies in the process of 
film casting. Additives have direct impact on the interactions between the molecular constituents in a 
BHJ blend, and those interactions can be explored using techniques such as small angle neutron 
scattering (SANS). Using this approach, we shed light on how additives position the system in a 
different region of the phase diagram in solution, where important aspects of the morphology take form. 
Together, one can readily see a significant qualitative shift in morphology starting in the solution and 
solidifying in the film when additives are present. This shift is observed in each of the systems studied. 
This new insight into the role of additives provides a pathway for rational design of optimized 
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morphology in OPV active layers. 
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Figure 1. Correlating hierarchical nanomorphologies to OPV performance especially promotion of 
exciton dissociation, in polymer:fullerene thin film solar cells. 
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