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There has been much interest in developing electron transport
materials for organic semiconductor devices due to their poten-
tial to be applied in various technologies. For example, such
materials can be used to improve charge balance in the emis-
sive layer of an organic light-emitting diode, charge extraction
in perovskite solar cells or used as the semiconductor layer of
n-type organic field-effect transistors.

Typically, an electron transport material should have a high
electron mobility and a low-lying lowest unoccupied molecular
orbital (LUMO) relative to vacuum. This is achieved by using
electron-deficient units containing highly electronegative func-
tionalities such as cyano groups [1]. This is one of the key
advantages of organic electron transport materials compared
with inorganic materials — the molecular structures can be easily
tuned to achieve desired characteristics. The diversity of materi-
als used as electron transport layers is also an advantage,
meaning organic materials can be used effectively in a range of
applications. For example, while a non-fullerene acceptor mate-
rial might not be suitable as an electron transport layer in OPVs
due to dissolution of layers, it can used in perovskite solar cells
where it can be successfully deposited through orthogonal pro-

cessing.
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One of the biggest challenges with n-type materials is air
stability. This is explained by the redox potentials of water
(=0.66 V vs standard calomel electrode (SCE)) and oxygen
(+0.024 V vs SCE, +0.57 V vs SCE) [2,3]. Therefore, it has
been observed that once the overpotential required for these
redox reactions to progress is taken into consideration, a lowest
unoccupied molecular orbital (LUMO) energy < —4.0 eV (rela-
tive to vacuum) is required for air stable electron transport ma-
terials [2] and this is a common target for researchers devel-
oping these types of materials. In general, this restriction also
applies to n-dopants, compounds that reduce electron transport
materials, which are important for increasing the electrical
conductivity of n-type materials. However, there have been
elegant solutions developed to counteract this, where air-stable
dimers can be used which react with acceptors to produce
reducing radical species, capable of reducing organic electron

transport materials with a low electron affinity [4,5].

It is not only in modifying the molecular structure to improve
the electron accepting ability that there is innovation in new
organic electron transport materials. One of the potential bene-
fits of organic semiconductors is the ability to use solution-pro-

cessing techniques, which are more sustainable than thermal
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evaporation which is wasteful and requires high vacuum and
temperature. Moreover, organic electron transport layers do not
typically need treatment at the high temperatures required for
metal oxide formation for example. However, making materials
solution-processable can result in a trade-off in device perfor-
mance and materials should be applicable to orthogonal pro-
cessing to allow for solution-based fabrication of multilayer
devices. Additionally, researchers should consider minimising
the environmental footprint of the solvents and materials used
in these processes. These challenges require novel approaches
but there have already been some inspired works. For example,
Wolfe et al. showed cathode interlayer materials can be de-
veloped to be soluble in ethyl acetate, a green solvent, and solu-
tion-processed for PM6:Y6 bulk-heterojunction solar cells with
power conversion efficiency > 13% [6]. In addition to orthogo-
nal processing, it has been shown that treatment with base [7] or
photo-crosslinking [8] can insolubilise solution-processed
layers and allow for the construction of efficient, solution-
processed devices.

It is exciting to see how much of the work establishing n-type
organic semiconductor materials for OFETs, for example, is
now being applied to emerging technologies such as organic
electrochemical transistors. In this case, materials might be
modified with polar side chains [9], instead of the use of alkyl
groups [10], and this allows for improved ion transport. A simi-
lar strategy has been used to improve the doping of n-type
thermoelectric materials, where polar side chains on fullerene
materials allow for better miscibility of the dopant [11] and
therefore improved electrical conductivity. The overlap of
desired characteristics for materials used in OECTs and organic
thermoelectrics shows that there is a lot to be gained from the

design of new electron transport materials.

Whilst there are challenges still to be overcome in developing
materials for emerging technologies, researchers working on
these issues should take inspiration from the rapid progress that
was achieved in the development of non-fullerene acceptor ma-
terials as a replacement for PCg;BM and PC7BM in organic
solar cells which revitalised the research field as a result. This
serves as a reminder that careful molecular design and thor-
ough examination of the performance of electron transport ma-
terials can lead to unprecedented performance and move

towards enabling important technologies.

We are delighted to act as guest editors for a collection of
papers tackling many different aspects relating to organic elec-
tron transport materials from leaders across the world from this
research community. We hope that these excellent works can
act as inspiration for researchers looking to develop new materi-

als or implement these in devices. We give our thanks to all the
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authors for their great contributions to this Thematic Issue and
we thank the staff from the Beilstein-Institut for their support.

Joseph Cameron and Peter J. Skabara
Glasgow, March 2024

ORCID® iDs

Joseph Cameron - https://orcid.org/0000-0001-8622-8353
Peter J. Skabara - https://orcid.org/0000-0001-7319-0464

Data Availability Statement

Data sharing is not applicable as no new data was generated or analyzed
in this study.

References

1. Leitonas, K.; Vigante, B.; Volyniuk, D.; Bucinskas, A.; Dimitrijevs, P.;
Lapcinska, S.; Arsenyan, P.; Grazulevicius, J. V.
Beilstein J. Org. Chem. 2023, 19, 1867—1880. doi:10.3762/bjoc.19.139

2. Griggs, S.; Marks, A.; Bristow, H.; McCulloch, I. J. Mater. Chem. C
2021, 9, 8099-8128. doi:10.1039/d1tc02048j

3. de Leeuw, D. M.; Simenon, M. M. J.; Brown, A. R.; Einerhand, R. E. F.
Synth. Met. 1997, 87, 53-59. doi:10.1016/s0379-6779(97)80097-5

4. Mohapatra, S. K.; Marder, S. R.; Barlow, S. Acc. Chem. Res. 2022, 55,
319-332. doi:10.1021/acs.accounts.1c00612

5. Mohapatra, S. K.; Al Kurdi, K.; Jhulki, S.; Bogdanov, G.; Bacsa, J.;
Conte, M.; Timofeeva, T. V.; Marder, S. R.; Barlow, S.
Beilstein J. Org. Chem. 2023, 19, 1651-1663. doi:10.3762/bjoc.19.121

6. Wolfe, K. M.; Alam, S.; German, E.; Alduayji, F. N.; Alqurashi, M.;
Laquai, F.; Welch, G. C. Beilstein J. Org. Chem. 2023, 19, 1620-1629.
doi:10.3762/bjoc.19.119

7. Harding, C. R.; Cann, J.; Laventure, A.; Sadeghianlemraski, M.;
Abd-Ellah, M.; Rao, K. R.; Gelfand, B. S.; Aziz, H.; Kaake, L.; Risko, C.;
Welch, G. C. Mater. Horiz. 2020, 7, 2959—2969.
doi:10.1039/d0mh00785d

8. Shi, Y.; McCarthy, D. P.; Lungwitz, D.; Jiang, F.; Taddei, M.;
Contreras, H.; Lin, Y.; Mohapatra, A. A.; Tang, K.; Zhang, Y.;
Barlow, S.; Kahn, A.; Marder, S. R.; Ginger, D. S. Chem. Mater. 2024,
36, 795-802. doi:10.1021/acs.chemmater.3c02295

9. Giovannitti, A.; Nielsen, C. B.; Sbircea, D.-T.; Inal, S.; Donahue, M.;
Niazi, M. R.; Hanifi, D. A.; Amassian, A.; Malliaras, G. G.; Rivnay, J.;
McCulloch, I. Nat. Commun. 2016, 7, 13066.
doi:10.1038/ncomms13066

10.Yan, H.; Chen, Z.; Zheng, Y.; Newman, C.; Quinn, J. R.; Détz, F.;
Kastler, M.; Facchetti, A. Nature 2009, 457, 679-686.
doi:10.1038/nature07727

11.Liu, J.; van der Zee, B.; Alessandri, R.; Sami, S.; Dong, J.;
Nugraha, M. |.; Barker, A. J.; Rousseva, S.; Qiu, L.; Qiu, X.; Klasen, N.;
Chiechi, R. C.; Baran, D.; Caironi, M.; Anthopoulos, T. D.; Portale, G.;
Havenith, R. W. A.; Marrink, S. J.; Hummelen, J. C.; Koster, L. J. A.
Nat. Commun. 2020, 11, 5694. doi:10.1038/s41467-020-19537-8

673


https://orcid.org/0000-0001-8622-8353
https://orcid.org/0000-0001-7319-0464
https://doi.org/10.3762%2Fbjoc.19.139
https://doi.org/10.1039%2Fd1tc02048j
https://doi.org/10.1016%2Fs0379-6779%2897%2980097-5
https://doi.org/10.1021%2Facs.accounts.1c00612
https://doi.org/10.3762%2Fbjoc.19.121
https://doi.org/10.3762%2Fbjoc.19.119
https://doi.org/10.1039%2Fd0mh00785d
https://doi.org/10.1021%2Facs.chemmater.3c02295
https://doi.org/10.1038%2Fncomms13066
https://doi.org/10.1038%2Fnature07727
https://doi.org/10.1038%2Fs41467-020-19537-8

License and Terms

This is an open access article licensed under the terms of
the Beilstein-Institut Open Access License Agreement
(https://www.beilstein-journals.org/bjoc/terms), which is

identical to the Creative Commons Attribution 4.0
International License

(https://creativecommons.org/licenses/by/4.0). The reuse of

material under this license requires that the author(s),
source and license are credited. Third-party material in this
article could be subject to other licenses (typically indicated
in the credit line), and in this case, users are required to
obtain permission from the license holder to reuse the

material.

The definitive version of this article is the electronic one
which can be found at:
https://doi.org/10.3762/bjoc.20.60

Beilstein J. Org. Chem. 2024, 20, 672—674.

674


https://www.beilstein-journals.org/bjoc/terms
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.3762/bjoc.20.60

	ORCID iDs
	Data Availability Statement
	References

