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Tuning water transport in carbon nanotubes with a strong perpendicular electric field
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Carbon nanotubes are paradigmatic examples of ma-
terials with novel and exciting properties arising at the
nanoscale. One of the possible applications of these ma-
terials is in nanofluidic transport (of water electrolyte or
only water) across membranes. In this contribution, we
present a molecular dynamics simulation study of water
transport along nanotubes. We consider the interesting
case of very small radius of the order of the size of a water
molecule. In spite of the strong hydrophobic character of
the nanotubes, previous simulations1 have demonstrated
the ability of water to fill and permeate across the nan-
otube. It has been argued that strong hydrogen bonds,
formed in the one-dimensional chain of water molecules
crossing the channel, make water permeation possible.

In this work, we considered the effect of applying
strong electric fields, perpendicular to the flow of wa-
ter. In this case, we observe a competition between
two interactions: the hydrogen bond interaction between
neighboring molecules inside the tube and the orienta-
tion induced by the electric field (which is perpendicular
to the orientation induced by hydrogen bonding). We
observe substantial effects for sufficiently strong electric

fields (> 1 V/nm), corresponding to an interaction en-
ergy between the water dipole and the field of the or-
der of the energy of the hydrogen bond. At these fields,
the one-dimensional chain structure of water inside the
nanotubes is disrupted (now the tubes are only partial-
ly filled) and the permeation of water through the tube
becomes more difficult. The flow of water strongly de-
creases as the electric field increases, even under the effect
of strong pressure differences trying to pump water thor-
ough the nanotubes. For electric fields of the order of ∼ 4
V/nm, the nanotubes are almost empty (only containing
isolated, perpendicularly oriented water molecules) and
the flow of water is effectively blocked. Our results sug-
gest that perpendicular electric fields may be convenient
ways of tuning and regulating the flow of water in these
peculiar nanofluidic devices.
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