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A modified Hodgkin–Huxley model for nanoelectronics

In the Hodgkin–Huxley model[1] , bioligcal ion pumps push current through a membrane until is the electri-

cal capacitance of the membrane is charged up, at which point it generates a voltage which turns off the ion

channel pumps. When a lipid bilayer is brought into close proximity to a nano-electronic device (such as a

1d carbon nanotube[2] , quasi-1d silicon nanowire, 2d graphene sheet[3] , or any other of the many classes of

nanoelectronics devices), a similar phenomenon occurs: The current through the ion channel charges up the

electrical capacitance of the lipid bilayer. However, because the nano-electronic devices have capacitance of

their own (including both classical electrical capacitance as well as quantum capacitance[4] due to the Pauli

exclusion principle), these also get charged by the ion channels, and ultimately turn off the ion channels, even

for simple ion channels that are not voltage dependent. This modified Hodgkin–Huxley model can account for

the electrical behavior of nanoelectronic interfaces to a electrically active ion channels, a growing interest with

applications from neurons and cadiomyoctyes to even smaller, electrophysiologically active organelles such as

chlorplasts and even mitochondria[5] .
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