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Researchers improve the stability of
perovskite solar cells

February 29 2024

Crown Ethers: A Solution for Efficient and Environment-Friendly Perovskite Solar Cells

Perovskite solar cells are considered to be prime
contenders to replace silicon solar cells in next
generation photovoltaics

Improving perovskite solar cells with crown ethers
Seven crown ethers
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Crown ethers simultaneously address lead leakage and moisture

damage issues in perovskite solar cells, improving their performance
and sustainability

“ Crown ethers can successfully sequester
lead and create a passivation layer

Interfacial Engineering Through Lead Binding Using Crown Ethers in Perovskite Solar Cells
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Researchers from Pusan National University show that crown ethers, specifically
B18C6, can prevent lead leakage by forming strong host-guest bonds with lead
ions in perovskite solar cells. They also provide higher resistance to degradation
due to moisture. Credit: Ji-Youn Seo, Pusan National University

Perovskite solar cells are thought of as the strongest contender to replace
conventional silicon solar cells in next-generation photovoltaics. They

1/4



Tech?$plore

are made of an A" cation, a B>* divalent cation, and an X halide.
Generally containing Pb** or Sn*", they achieve high power conversion
energy that is suitable for commercial use.

Unfortunately, the presence of lead ions causes issues such as lead
leakage, which is a hazard to the environment. Moreover, in the presence
of moisture, the perovskite tends to corrode. Multiple approaches have
been suggested to resolve this issue, including encapsulating the device
and compositional engineering of the perovskite light absorbers.

Now, a team of researchers from Pusan National University in South
Korea has published a study in the Journal of Energy Chemistry in this
direction. The researchers tested many crown ethers in this study to
improve the stability of perovskite solar cells.

When asked about the relevance of this study, lead researcher Assistant
Professor Ji-Youn Seo from the team said, "This study emphasizes the
efficacy of interface passivation by achieving increased power
conversion efficiency and demonstrates that crown ether not only blocks
lead leakage through the formation of host-guest complexes with lead
ions but also imparts strong resistance to moisture to the treated films,
showing improved long-term stability in high humidity environments
compared to existing solutions."

"This research highlights the potential of crown ether to simultaneously
address lead leakage and long-term stability for sustainable perovskite
solar cells ready to advance commercialization and renewable energy
applications."

The team found that B18C6 was the best ether for interfacial
passivation. With B18C6, there was an increased charge carrier lifetime
(or the time spent by an electron in the conduction band of a
semiconductor and a hole in the valence band of a semiconductor) seen
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within the perovskite.

The work function (or the minimum energy required to move an electron
from a metal's surface) between the hole transfer material and the
perovskite was also improved. Thus, the researchers obtained an
exceptional power conversion efficiency of 21.7% with B18C6.
Compared to untreated perovskites that showed signs of lead leakage,
the perovskites with B18C6 showed no signs of lead leakage when a
depth profile of all layers was conducted.

Furthermore, while normal perovskites showed lead iodide formation
when exposed to 95% humidity at room temperature for 300 hours, no
such issue was observed for the perovskite passivated by B18C6.

Within the next five years, perovskite solar cell technology, as a type of
next-generation emerging solar technology, is positioned to replace the
globally prevalent silicon solar cells potentially. This technology can
enhance photoelectric conversion efficiency to over 30% when used
alongside existing silicon solar cells, thereby increasing the possibility of
replacing fossil fuel-based energy sources and contributing to the
achievement of carbon neutrality.

Additionally, perovskite solar cells exhibit superior photoelectric
conversion efficiency even under indoor lighting, making them
applicable to electronic devices and the Internet of Things (I0T), thus
offering significant energy-saving opportunities.

"In ten years, this technology could be applied to the energy, display, and
semiconductor materials industries through the heterojunction

structure."

"If leveraged effectively, it could lead to the development of high-
efficiency hydrogen production devices, high-brightness, flexible

3/4


https://techxplore.com/tags/power+conversion+efficiency/
https://techxplore.com/tags/perovskite/

Tech?$plore

displays, and the development of three-dimensional organic and
inorganic semiconductor materials and devices, contributing to leading
the advancement of high-tech nations," says Dr. Seo about the long-term
implications of this study.

More information: Sun-Ju Kim et al, Interfacial engineering through
lead binding using crown ethers in perovskite solar cells, Journal of
Energy Chemistry (2024). DOI: 10.1016/j.jechem.2024.01.042
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