
 

Storing energy in plants with electronic roots
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The bean plant with electronic roots (dark roots). Credit: Thor Balkhed

By watering bean plants (Phaseolus vulgaris) with a solution that contains
conjugated oligomers, researchers at the Laboratory of Organic
Electronics, Linköping University, have shown that the roots of the plant
become electrically conducting and can store energy.
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Dr. Eleni Stavrinidou, associate professor and principal investigator in
the Electronic Plants Group at the Laboratory of Organic Electronics,
showed in 2015 that circuits can be fabricated in the vascular tissue of
roses. The conducting polymer PEDOT was absorbed by the plant´s
vascular system to form electrical conductors that were used to make
transistors. In a later work in 2017, she demonstrated that a conjugated
oligomer, ETE-S, could polymerise in the plant and form conductors that
can be used to store energy.

"We have previously worked with plant cuttings, which were able to take
up and organize conducting polymers or oligomers. However, the plant
cuttings can survive for only a few days, and the plant is not growing
anymore. In this new study we use intact plants, a common bean plant
grown from seed, and we show that the plants become electrically
conducting when they are watered with a solution that contains
oligomers," says Eleni Stavrinidou.

The researchers here have used a trimer, ETE-S, which is polymerised
by a natural process in the plant. A conducting film of polymer is
formed on the roots of the plant, which causes the complete root system
to function as a network of readily accessible conductors.

The bean plant roots remained electrically conducting for at least four
weeks, with a conductivity in the roots of approximately 10 S/cm
(Siemens per centimeter).

The researchers investigated the possibility of using the roots to store
energy, and built a root-based supercapacitor in which the roots
functioned as electrodes during charging and discharging.

"Supercapacitors based on conducting polymers and cellulose are an eco-
friendly alternative for energy storage that is both cheap and scalable,"
says Eleni Stavrinidou.
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The root-based supercapacitor worked well, and could store 100 times
more energy than previous experiments with supercapacitors in plants
that used the plant stem. The device can also be used over extended
periods of time since the bean plants in the experiments continued to live
and thrive.

"The plant develops a more complex root system, but is otherwise not
affected: it continues to grow and produce beans," Eleni Stavrinidou
assures us.

The results, which have been published in the scientific journal Materials
Horizons, are highly significant, not just for the development of
sustainable energy storage, but also for the development of new
biohybrid systems, such as functional materials and composites. The
electronic roots are also a major contribution to the development of
seamless communication between electronic and biological systems.

  More information: Daniela Parker et al, Biohybrid plants with
electronic roots via in vivo polymerization of conjugated oligomers, 
Materials Horizons (2021). DOI: 10.1039/D1MH01423D
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