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Design Principles and Top Non-Fullerene
Acceptor Candidates for Organic
Photovoltaics

The power conversion efficiencies of organic photovoltaics (OPVs) have grown

tremendously over the last 20 years and represent a low-cost and sustainable

solution for harnessing solar energy to power our residences, workplaces, and

devices. Fullerene-containing OPVs are relatively expensive and have limited

overlap absorbance with the solar spectrum. We used density functional theory

calculation and Gaussian processes calibration to predict frontier molecular

orbitals and power conversion efficiencies for over 51,000 non-fullerene acceptors

with the polymeric electron-donor component, poly[N-90-heptadecanyl-2,7-
carbazole-alt-5,5-(40,70-di-2-thienyl-20,10,30-benzothiadiazole)].
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offers insights to design rules
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SUMMARY

Non-fullerene acceptors in organic photovoltaics (OPVs) continue to improve

upon the shortcomings of many fullerene-based solar cells. We explored the

chemical space of over 51,000 non-fullerene acceptors featuring 106 common

moieties from the organic electronics literature, including naphthalene dii-

mides, benzathiadiazoles, and fused fluoroanthenediimides. We identify top

candidates featuring optimal energy level offsets, based on a well-studied elec-

tron-donor: poly[N-90-heptadecanyl-2,7-carbazole-alt-5,5-(40,70-di-2-thienyl-20,10,30-
benzothiadiazole)]. The Harvard Clean Energy Project infrastructure was employed

through the IBM World Community Grid to carry out quantum mechanical calcula-

tions using density functional theory. Gaussian processes regression was utilized to

correct the computed frontier molecular orbital energies. Additional time-depen-

dent density functional theory calculations on a subset of the top candidates refined

the narrow band-gap chromophores for OPVs. These results on electron-acceptor

materials complement the electronic structure calculations of over onemillion elec-

tron-donor materials publicly available through our website.

INTRODUCTION

The earth receives 1.52 3 109 TWh of energy annually, which greatly exceeds the

161,000 TWh of power consumed globally, and the 239,000 TWh projected con-

sumption by 2040.1 The development of affordable photovoltaic cells is therefore

one of the most promising long-term solutions for sustainable energy. Low-cost,

flexible, organic photovoltaics (OPVs) are easily fabricated and can be produced us-

ing inexpensive techniques such as roll-to-roll printing.2 Despite competition from

other photovoltaic devices such as perovskites,3–7 they have shown long lifetimes

and remain an attractive option.8,9 The number of publications involving OPVs has

risen dramatically over the last 15 years. A recent article by Zhao et al.10 reported

a record-high efficiency of 13% with a non-fullerene acceptor indacenodithiophene

derivative. Ternary solar cells also have been reported to have power conversion

efficiencies (PCEs) greater than 12%.11 These advances can be attributed to im-

provements in device architecture and processing, and materials design.12–18

Donor materials for OPVs have traditionally received much more attention than the

acceptor component because of the continued success of fullerene-based deriva-

tives in OPVs.19 [6,6]-Phenyl-C61-butyric acid methyl ester (PCBM) is regarded by

many as the standard electron acceptor in OPVs.20 The energy levels of donor ma-

terials have been tuned to have optimal overlap with those of PCBM.21 However,

substantial effort has been put forth over the last 10 years to address the high

Context & Scale

Acceptor materials for single-

junction organic solar cells (OSCs)

are currently dominated by

fullerene derivatives, which suffer

from high production costs and

difficult functionalization. Non-

fullerene small-molecules

acceptors (NFA) might be able to

overcome these shortcomings for

OSCs. This work represents a

statistical study of around 51,000

NFA molecules utilizing quantum

chemistry calculations, the

Scharber model to relate

molecular frontier orbital energies

with photovoltaic conversion

efficiency, and machine learning

techniques to calibrate theoretical

results to experimental data.

Within the explored molecular

space, 838 high-performing

candidate molecules have been

identified. Molecular fragments

are scored based on performance

to identify potential design

patterns for future materials. The

design rules and top candidates

warrant future work on synthesis

and device fabrication to

characterize their performance.

A lost-cost, easy to synthesize

molecule might potentially be a

driver for wider adoption and

higher performance in organic

photovoltaics.
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