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 Attributes of biological membranes 

 

 Importance of selective membranes in energy 

 

Current efforts in bio-inspired membranes 

 

 Future directions through self-assembly? 



Lessons form biological membranes to develop low cost energy storage devices 

Biology stores energy with Na, K, Ca ions, not Li ions (electrical eels). 

J. Xu, D. A. Lavan, Nature Nanotechnology 2008, 3, 666. 

PNNL’s Na ion battery 

Jun Liu’s group, PNNL, Advanced Materials, 2011 
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Attributes of biological membranes 

Collective effect of size selectivity, 

solvation, ion-coordination, 

hydrophobicity, etc. 

Protein conformational change trigged 

by very specific chemical reactions 

(drawing courtesy Bruce Bunker) 



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 

candidate to store wind energy 
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Nafion membranes 

are expensive and 

have large water 

channels to allow 

hydrated cations to 

cross. 

K. Schmidt-Rohr, Q. Chen, Nature Materials 2008, 7, 75. 

The cross 

contamination 

causes self-

charge and 

degradation of 

efficiency 

Jun Liu’s group, PNNL, ChemSusChem, 2012. 



Ion selective membranes are critical for the safety and 

reliability of Li-ion batteries, and Li-S and Li-air batteries. 

Li Cathode 

Dendrite 

formation in 

Li-S battery 

(Jun Liu’s 

group, PNNL 

unpublished 

research,). 

Energy density of advanced Li batteries (L. Nazar) 

Smart membranes 

may prevent run-away 

reactions by shutting 

off the diffusion 

channels as activated 

by heat or high 

current. 
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Examples of bio-inspired membranes 

Biomaterials may be too fragile 

for practical applications. 

(from Karen E. Lange, National Geography, August, 2012) 

(Cynthia Burrows, University of Utah) 



Self-assembled materials as a platform for 
bio-inspired membranes 
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Jun Liu’s group, PNNL 

Jeff Brinker’s group, 

Sandia National labs 



Pathway forward for bio-inspired membranes using self-assembly 

Using self-assembly to 

control pore structures of 

ceramics and polymers 

Artificial pumping 

or switching 

Build in functionality 

in the pore channels 

Coupling with external field (Lei Jiang’s group) 

(some figures courtesy Bruce Bunker)   

Greg Exarhos, PNNL 
Jun Liu’s group, PNNL 

New ways of 

engineering 

selectivity 

http://www.google.com/imgres?q=angela+belcher+mineralization&hl=en&safe=active&biw=1438&bih=722&tbm=isch&tbnid=LmwgFNp2f5iqlM:&imgrefurl=http://www.sciencedirect.com/science/article/pii/S1367593106000585&docid=UAFqZcTv-D8HtM&imgurl=http://ars.els-cdn.com/content/image/1-s2.0-S1367593106000585-gr1.jpg&w=508&h=302&ei=0nwJUMieIorhqgHhyem9Cg&zoom=1

