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Nano-funnels as electro-osmotic “tweezers and pistons”1 YAN-
QIAN WANG, University of North Carolina at Chapel Hill, SERGEY PANYUKOV,
P. N. Lebedev Physics Institute, Russian Academy of Sciences, JINSHENG ZHOU,
LAURENT D. MENARD, J. MICHAEL RAMSEY, MICHAEL RUBINSTIEN, Uni-
versity of North Carolina at Chapel Hill — An electric field is used to force a DNA
molecule into a nano-channel by compensating the free energy penalty that results
from the reduced conformational entropy of the confined macromolecule. Narrow
nano-channels require high critical electric fields to achieve DNA translocation, lead-
ing to short dwell times of DNA in these channels. We demonstrate that nano-funnels
integrated with nano-channels reduce the free energy barrier and lower the critical
electric field required for DNA translocation. A focused electric field within the fun-
nel increases the electric force on the DNA, compresses the molecule, and increases
the osmotic pressure at the nano-channel entrance. This “electro-osmotic piston”
forces the molecule into the nano-channel at lower electric fields than those observed
without the funnel. Appropirately designed nano-funnels can also function as tweez-
ers that allow manipulation of the position of the DNA molecule. The predictions of
our theory describing double-stranded DNA behavior in nano-funnel – nano-channel
devices are consistent with experimental results.
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