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OUTLINE

» Attributes of biological membranes

» Importance of selective membranes in energy
» Current efforts in bio-inspired membranes

» Future directions through self-assembly?
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Lessons form biological membranes to develop low cost energy storage devices

Biology stores energy with Na, K, Ca ions, not Li ions (electrical eels).
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Attributes of biological membranes
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The key component in redox flow batteries, Nafion membrane, is not selective
towards cations, causing degradation of the device.

Redox flow battery is a leading s
candidate to store wind energy
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lon selective membranes are critical for the safety and
reliability of Li-ion batteries, and Li-S and Li-air batteries.

Energy density of advanced Li batteries (L. Nazar)
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Examples of bio-inspired membranes

Three technologies promise to reduce the energy requirements of
desalination by up to 30 percent. The race is on to see which will take the lead.
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Water molecules migrate

by natural osmosis, without
energy input, into an even
more concentrated “draw
solution,” whose special sait
(green) is then evaporated
away by low-grade heat.
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An electric charge at the
nanotube mouth repels
positively charged salt
ions. The uncharged water
molecules slip through
with little friction, reducing
pumping pressure.
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Water molecules pass
through channels made of

aquaporins, proteins that
effi ciently conduct water

in and out of living cells.

A positive charge near each
channel's center repels salt.

(from Karen E. Lange, National Geography, August, 2012)
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Self-assembled materials as a platform for
bio-inspired membranes
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Pathway forward for bio-inspired membranes using self-assembly
Steric Effects

Using self-assembly to Build in functionality
control pore structures of :

: in the pore channels
ceramics and polymers
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