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Figure 1 (Color online) Curves for function F(r, n)=Aq(r/ro)™" for
ro=1 A and n=1, 3, 6 (correspond to charge-charge, dipole-dipole, and
van der Waal interactions, respectively), and A,=1. (Reprinted from ref.
[1]. Copyright 2010, Nanoscale).
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Figure2 (Color online) A schematic snapshot (a) of the system with a single channel in side view (the xz plane) together with the trajectories (d), (e)

of average dipole angle ﬁ(t) of the water orientations. The snapshots shown in (b), (c) correspond to the red dashed part of the system in another

side view (yz plane). Blue and green spheres denote the negative and positive charges, respectively, which result in different orientations of the water
molecules facing the charges. (f) A typical re-orientation process of water molecules in nanochannel in response to a +e — —e signal switch (a data

point every 50 fs). During this process, red solid line represents the detailed trajectory of average dipole angle ¢7(t) (inset shows its whole

trajectory in a longer period), while the black dashed line shows this turning position in nanochannel as a time function. This trajectory indicates that
the re-orientation of the whole water chain is carried out by turning over orientations of water molecules one by one. (Reprinted from ref. [1].

Copyright 2010, Nanoscale).
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Figure3 (Color online) Water-mediated signal multiplication with Y-shaped carbon nanotubes. (a) A schematic snapshot of the simulation system;

(b) average water’s dipole orientation vs. time; (c) probability P(t) in different tubes for a negative charge (solid lines) and a positive charge (dashed
lines). (Reprinted from ref. [37]. Copyright 2009, Proceedings of National Academy of Sciences USA).
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Figure 4 (Color online) A snapshot of a 3-Y-junction (3Y-SWNT)
simulated system. (Reprinted from ref. [37]. Copyright 2009, Procee-
dings of National Academy of Sciences USA).
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Figure 5 (Color online) Charge-signal-conversion with different
charge values (left and right panels correspond to cases of negative and
positive charges, respectively). The solid lines are from the Boltzmann
sigmoidal fit. A sharp two-state-like transition is seen in both cases.
(Reprinted from ref. [38]. Copyright 2013, The Journal of Chemical
Physics).
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Figure6 (Color online) Urea-mediated conversion and multiplication
of charge signal. (Reprinted from ref. [39]. Copyright 2014, The
Journal of Chemical Physics).
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1 TuYS, Zhou R H, Fang H P. Signal transmission, conversion and multiplication by polar molecules confined in nanochannels. Nanoscale,
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Signal processors such as amplifiers and diverters usually utilize electrons or photons to process signals. As their
sizes decrease to nano- or molecular scale, accurate signal conversion, transmission, and multiplication at the
molecular level usually become difficult, due to the intrinsic complexity in these molecular systems and the
significant noises arising from thermal fluctuations as well as interferences between branch signals. From the
viewpoint of molecular interactions, compared with the slow decay of electrostatic interactions and the fast decay of
van der Waals interactions, the dipole-dipole interactions between polar molecules can effectively screen the thermal
noises and avoid the interferences between branch signals, thus achieving accurate signal transmission at the
molecular level. In this paper, we briefly review recent progress on the effective conversion of a charge signal at the
single-electron level to a dipolar signal, long-range signal transmission in the presence of significant thermal noises,
and molecular-scale signal multiplication, by using one-dimensional water wires confined within carbon nanotubes
with appropriate diameters. We also discuss the robustness of such signal multiplication, and demonstrate the
capability of polar organic molecules (using urea for illustration) for signal multiplication. These findings are
expected to be helpful in design of novel nano-/molecular-based signal processors, and provide new insights into our
understanding toward signal processing in biological systems.

molecular-level signal, signal transmission and multiplication, signal of water dipoles, molecular polarity,
nanoconfinement

PACS: 87.16.Xa, 81.07.Nb, 61.20.Ja
doi: 10.1360/SSPMA2015-00606

057007-10



