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Though a linear correlation has been recently reported between mean polarizabilities of the fullerene derivatives
and open-circuit voltages of organic solar cells based on them, we demonstrate that there is no general

dependence between these two values and some related quantities (anisotropy of polarizability and

www.rsc.org/pccp LUMO levels).

1 Introduction

A recent theoretical study’ reports on the correlations between
the open-circuit voltage (Vo) of organic solar cells (OSCs) and
physicochemical parameters of the fullerene derivatives used as
electron acceptors in OSCs. Mohajeri and Omidvar’ have
performed accurate quantum-chemical calculations (using
appropriate DFT methods) and compared their computational
results with the experimental V¢ values from the review.” It is
important that all open-circuit voltages were measured under
the same experimental conditions, so their joint use in the
frame of one correlation is justified.

One of the correlations reported in ref. 1 is a linear dependence
of Voc on the mean polarizability of the corresponding fullerene
derivative acceptors (R” = 0.914). The authors concluded that “the
most efficient fullerene-based acceptors are characterized by...
maximum dipole polarizability”. We consider that the mentioned
conclusion is overoptimistic and poorly justified. In the comment,
we provide pro et contra arguments regarding the citation above.

As is known, polarizability is a tensor quantity that describes
molecule’s behavior in the external electric fields. It has wide
applications in physical chemistry and chemical physics as it
defines dispersion interactions, chemical properties, dielectric
permittivity, refractivity, etc. As previously pointed in the reviews®™
and original studies,®"° polarizability has high importance for
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fullerene chemistry and materials science because fullerenes
and their derivatives are highly polarizable species. We have
illustrated how polarizability can be applied to such a current
hot fullerene topic as organic solar cells.* Polarizability plays an
important role in OSCs due to (1) its relation to dielectric
permittivity (described by the Clausius-Mossoti formula; see also
a very recent review”), (2) extremely high polarizability of the charge-
transfer complexes generated when OSCs act, and (3) influence of
polarizability on wetting processes (the de Gennes equation), which
define miscibility of polymer donors with fullerene acceptors
and, therefore, the OSC output parameters. The aforementioned
arguments are in favor of the importance of polarizability for
OSCs. All of them are qualitative.

In contrast, Mohajeri and Omidvar" propose a linear correlation
between Vo and mean polarizability o. They operate in their work
with 9 derivatives of the Cg, fullerene, viz. substituted cyclopropa-
[60]fullerenes. Note that 6 of them were monoadducts whereas
other 3 compounds were bis- and trisadducts. The latter, as
known, have multiple regioisomers. This leads to the first
mistake of ref. 1 using the experimental results for fullerene
multiadducts corresponding to the mixtures of the isomers
while the computational data correspond to one selected isomer.
This mistake is not decisive for polarizability considerations
because we have previously shown that regioisomeric fullerene
multiadducts have almost the same mean polarizabilities
(with very rare exceptions).®' 137117 However, it may be more
pronounced for hardness, LUMO levels and other parameters
calculated by Mohajeri and Omidvar.

The second weak spot is that ref. 1 covers only 9 fullerene
derivatives to build up a correlation. We think it is not enough
to substantiate a linear dependence. To demonstrate this, we
have performed similar calculations with the extended set of
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Fig. 1 Plots of open-circuit voltages against mean polarizability, anisotropy
of polarizability, and LUMO energy of fullerene adducts.

fullerene derivatives. The experimental data (Voc and power
conversion efficiency 1) have been taken from the Troshin et al.
work on OSCs with substituted cyclopropafullerenes® (all of
them are monoadducts; our set includes 6 compounds from the
Mohajeri and Omidvar calculations). We have calculated their mean
polarizabilities by the PBE/3{ method in terms of the finite field
approach. This method was previously used for accurate calculations
of diverse fullerene derivatives.>'%"*"">'” Unfortunately, we have
found no correlations between the calculated « values and measured
Voc and n (Fig. 1).

Additional arguments against the reported correlation arise
from comparative experimental studies®*>* applying the purified
regioisomeric fullerene bisadducts to OSCs. As these studies
discovered, isomerism of fullerene derivatives affects the key
output parameters of OSCs. However, we have shown on a large

This journal is © the Owner Societies 2016

View Article Online

PCCP

set of fullerene adducts that their positional isomers have almost
equal mean polarizabilities (only some isomers of chlorofullerenes,
Ceo oligomers,™ and C,, dimers” reveal a significant difference;
these compounds are not present in our set). Hence, Mohajeri
and Omidvar’s correlation contradicts the known experimental
and theoretical data.

It is not an easy task to find out correlations between the
physicochemical parameters and device performances. Indeed,
we have previously obtained a correlation between the experimental
Voc and 1 values and calculated anisotropy of polarizability a® of
isomeric fullerene bisadducts."> However, it works only if the
isomeric compounds are considered. In this comment in the context
of Mohajeri and Omidvar’s paper, we report on no correlation
between the Voc (1) and @ values (Fig. 1). Finally, ref. 1 provides a
correlation between Vo and LUMO levels of fullerene derivatives.
Therefore, we have calculated LUMO energies of 27 compounds
from ref. 20 and plotted these against the experimental data (Fig. 1).
No obvious correlation has been also found.

Thus, we explain the reported correlations” by insufficiency
of the studied set of fullerene derivatives (9 compounds).
Extending the set to 27 samples breaks the declared regularities.
As a consequence, only polarizability or only LUMO energies are
insufficient to predict novel acceptor structures for OSCs. The
situation may be corrected if a multi-parameter correlation will
be proposed like models in QSAR and QSPR studies (quantitative
structure-activity relationship and quantitative structure-property
relationship).
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