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Comparing the stability of state-of-the-art n-type organic semiconductors used in organic
solar cell active layers

(X BROEFE oyt HEE)

Vohra Varun « &)1 # - @ HEH - fAKESE

BRUEE RS SRE T

Over the past decade, the development of new organic semiconductors that can be employed in organic
solar cells (OSCs) has resulted in rapidly increasing record power conversion efficiencies for this emerging
photovoltaic technology. Efficiencies over 10% have been reached by modifying the n-type organic
semiconductors that are used as electron acceptors in the OSC active layers. These can be classified into
three categories, namely, fullerenes, nonfullerene small molecules and nonfullerene polymers.

The typical molecular structures of state-of-the-art materials of each category (PC71BM, ITIC and N2200)

are represented in the figure above. We studied the stability of OSCs fabricated with a high-performance
electron donor (PBDB-T) combined with these acceptors and found that fullerene-based OSCs exhibit the
most stable performance for both constant solar irradiation and long-term storage (shelf-life) tests.
PBDB-T:ITIC OSCs degrade quickly under continuous solar irradiation but exhibit decent shelf-life. On the
contrary, PBDB-T:N2200 OSCs are stable under continuous irradiation for a short time but are not durable.
These results suggest that unlike ITIC, the molecular structure of N2200 probably changes over time when
stored in air. To confirm this hypothesis, we monitored the oxidation dynamics of the three materials using
X-ray photoelectron spectroscopy (XPS). The results presented below correspond to the Cls spectra of the
three n-type organic semiconductors as deposited (pristine) and after two weeks stored in air.

11 P S — 11 J S S R ——— 11—
Pristine ] i I
----- Stored in air E ITIC 3 N2200
80 - . 80 - - 80 -
= PC_BM | _ -
5 1 = = r
s 6of 41 8 60 B s 60 g
-y [ ] & [ ;8 [ ]
2 | 2 1 2 ]
s 40 + 4 @ 40 — s 40+ E
E 1 E { E L |
20 - 20 - 20 -
1Y I S I TP 0,.A;‘.,.1..A1A.A Gb.f'.‘... TR baaa
290 288 286 284 282 280 290 288 286 284 282 280 290 288 286 284 282 280
Binding Energy (eV) Binding Energy (eV) Binding Energy (eV)

The appearance of an intense shoulder at high binding energies in the XPS spectrum of N2200 is not
observed for the two other materials confirming that the performance drop of ITIC-based OSCs under
constant irradiation is not related to permanent damage to the molecular structure of the material. Our
findings thus help correlate the molecular structure of the electron acceptor with its stability in air. Such
information is essential to design adequate materials to produce OSCs that are both efficient and durable.
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