
Stable solvent for solution-based electrical doping of 
semiconducting polymer films and its application to organic 
solar cellst 

Felipe A. Larrain, • a Canek Fuentes-Hernandez/ Wen-Fang Chou/ 
Victor A. Rodriguez-Toro/ Tzu-Yen Huang,b Michael F. Toney • b and 
Bernard Kippelen • *a 

The immersion of polymeric semiconducting films into a polyoxometalate (PMA) solution was found to lead to electrical doping 

over a limited depth, enabling the fabrication of organic photovoltaic devices with simplified geometry; yet, the technique was highly 

solvent selective and the use of nitromethane was found to be limiting. Here. we report on the use of acetonitrile as an alternative 

solvent to nitromethane. Morphology studies on pristine and PMA doped P3HT films suggest that dopants reside in between the 

lamella of the polymer. but cause no distortion to the P3HT 1t-1t stacking. With this information. we propose an explanation for the 

observed solvent-selectivity of the doping method. Degradation studies reveal a superior stability of films doped with PMA in 

acetonitrile. Based on these findings, we believe that the post-process immersion technique, when dissolving PMA in acetonitrile, is a 

more suitable candidate to conduct solution-based electrical p-doping of organic semiconductors on an industrial scale. 

Broader context 

Organic photovoltaics are an emerging thin-film photovoltaic technology that holds promise to deliver flexible, lightweight, low-cost and large-area power 

harvesting products. While power conversion efficiencies continue to rise beyond 12% in lab-scale devices, efficient charge collection in these cells is typically 

achieved using interfacial layers with a thickness in the 1-10 nm range, which adds complexity to their fabrication if using most industty-compatible coating 

techniques. To overcome this problem, our group reported recently single-layer polymer solar cells by combining a solution-based electrical p-doping technique 

with spontaneous vertical phase separation of amine-containing polymers, leading to a simplified device geometry without sharp heterogeneous interfaces. 

However, the doping method relied on the use of nitromethane, a solvent unstable in air. In this work, we report on a method using the solvent acetonitrile as 

an alternative to nitromethane. Not only is the doping solution now stable in air but also cells fabricated using this technique have improved air stability. 

Furthermore, morphology studies using GIW AXS spectroscopy provide further insight into the doping process. These advances are intended to accelerate the 

realization of a truly low-cost, large-area PV technology with short energy payback times. 

Introduction 

Controlled and stable electrical doping of organic semiconductors 

is desirable for the realization of efficient organic optoelectronic 

devices. Thus, progress has been made to understand the funda­

mental doping mechanisms,1
-
6 characterize dopant diffusion and

doping efficiencies,7-
9 optimize device performance4

'
7
'
1o-12 develop

efficient molecular n- and p-dopants13
-

18 and even explore
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quantitative dedoping and patterning techniques.19
-
22 As a

result, from a fabrication perspective, organic semiconductors 

can be doped today using evaporation methods in a high­

vacuum chamber or from solution. Within the solution-based 

approaches, dopants may be deposited through co-deposition 

or via sequential deposition. In the first approach, dopants are 

mixed with the semiconductor in a single solution, whereas in 

the second method, dopants are coated once the organic film 

is dry, from solvents that do not dissolve the semiconductor. 

Co-deposition has the advantage that the mixing ratio of dopant 

to semiconductor is known and can be precisely controlled. 

However, poor solubility of the dopants in the solvents of the 

semiconductors and strong interactions between such com­

pounds and the dopants in solution make it challenging to 

produce doped films with the required morphology for high 


















