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Fig. 1. Configuration of the simulation system. It contains
two graphene sheets, a disjoint nanochannel with a nanogap
(marked as L). Water molecules are shown in white and
red. Carbon atoms are represented in cyan. The angle be-

tween the electric field direction and the +z is defined as 6.
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Fig. 2. Average water transfer rate, V¢, through complete

nanochannels and disjoint nanochannels as a function of 6,

respectively.
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Fig. 3. Average water occupancy, N, in complete nanochan-

nels and disjoint nanochannels as a function of 8, respect-

ively.
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Fig. 4. (a) Average water distribution probability in
nanochannels as a function of the positions when 6 is 0°%
(b) average water distribution probability in nanochannels

as a function of the positions when 6 is 90°.
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Fig. 5. Average water velocity, v, in complete nanochannels

and disjoint nanochannels as a function of @, respectively.
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Fig. 6. (a), (b) Structure of water molecules in complete

L =0 nm, 6 =90°

nanochannels and disjoint nanochannels when 6 = 0°, re-
spectively; (c), (d) structure of water molecules in complete
nanochannels and disjoint nanochannels when 6 = 90°, re-

spectively.
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Fig. 7. Average angle between water dipole and +z direc-
tion, ¢, in complete nanochannels and disjoint nanochan-

nels as a function of 6, respectively.
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Structural influence of electric field direction on water
bridges in one-dimensional disjoint nanochannels”
Meng Xian-Wen |

(School of Materials Sciences and Physics, China University of Mining and Technology, Xuzhou 221116, China)

( Received 5 January 2024; revised manuscript received 22 February 2024 )

Abstract

The orientation of water molecules within nanochannels is pivotal in influencing water transport,
particularly under the influence of electric fields. This study delves into the effects of electric field direction on
water transport through disjoint nanochannels, a structure which is of emerging significance. Molecular
dynamics simulations are conducted to study the properties of water in complete nanochannel and disjoint
nanochannels with gap sizes of 0.2 nm and 0.4 nm, respectively, such as occupancy, transport, water bridge
formation, and dipole orientation, by systematically varying the electric field direction from 0 to 180 degrees.
The simulation results disclose that the electric field direction has little influence on water flow through
complete nanochannels. However, as the size of the nanogap expands, the declining trend of water transfer rate
through disjoint nanochannels becomes more distinctive when the electric field direction is shifted from 0 to 90
degrees under an electric field with a strength of 1 V/nm. Notably, results also reveal distinct behaviors at 90
degrees under an electric field with a strength of 1 V/nm, where the stable water chains, unstable water bridges,
and no water bridges are observed in complete nanochannels, disjoint nanochannels with 0.2 nm gap, and
0.4 nm gap, respectively. Moreover, simulations indicate that increasing the electric field strength in a
polarization direction perpendicular to the tube axis facilitates water bridge breakdown in disjoint
nanochannels. This research sheds light on the intricate interplay between electric field direction and water

transport dynamics in disjoint nanochannels, presenting valuable insights into various applications.
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