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Structures and dynamics of water molecules in nanoporous media exhibit
interesting characteristics different from their ordinary bulk properties and may lead
to potential applications in sophisticated nanofludic devices. In this study, molecular
dynamics simulations were performed to investigate water molecules confined in
single-walled carbon nanotubes (SWCNTs) and boron nitride nanotubes
(SWBNNTS). Water density of 1.00 g cm™ was placed inside the models of (n,n)-
armchair nanotubes with different diameterrs (n = 9, 10, 12, 14, 16 and 20) and the
simulations were performed in the canonical NVT ensemble at 298 K by using the
Nosé-Hoover thermostat in DL_POLY program package. The wall-water interactions
were varied within reasonable limits by changing the strength of the Lennard-Jones
(LJ) parameters. Distribution functions were reported for the water in the tubes in
spherical and cylindrical coordinates and the single-molecule dynamics, in particular
self-diffusion, were monitored. While this motion was very much slowed down in
narrow tubes, in keeping with previous findings (Mashl, R.J. et al. 2003 Nano Lett.
3(5):589-592.), bulk-water like self-diffusion coefficients were found in wider tubes.
Axial diffusion coefficient increased with increasing tube diameter and reached its
bulk value in the widest tubes with diameters of about 24 A. The convergence was
faster for smaller wall-water interactions. An anomaly is, however, found for the

SWBNNTSs where the convergence was not monotonous.
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Details for the MD simulation runs of water in carbon- and
boron-nitride nanotubes in this work. The length is 36.89A in all
cases. 22
The Lennard-Jones (LJ) potential parameters for pair atoms
interactions use in this work. 24
Average of total energy (kcal mol™) and angular momentum
(rad s™) of equilibration systems. 33
The results of first maximum and first minimum positions of
spherical radial distribution profile goo(r) of water confined in
nanotubes and the average coordination numbers n(r). 37

Axial self-diffusion coefficients Dz (cm? s™) of water in

nanotubes at the average temperature of 298 K and the water

density of 1.00 g cm™. The uncertainties are estimated to be of

the order of +0.10cm?s™ 53



Figure

LIST OF FIGURES

Multi-walled carbon nanotubes (MWCNTS) structures: 3 layers
model of side view MWCNTSs (a) and 3 layers model of top
view MWCNTSs (b); diameter of (9,9)-CNT (smallest tube),
(12,12)-CNT (middle tube) and (16,16)-CNT (biggest tube).

Carbon nanotube (n,m) is formed by rolling a graphite sheet
along the chiral vector A = na; + ma, on the graphite where a;

and a, are graphite lattice vector; m and n are integers.

Single-walled carbon nanotubes (SWCNTs) by rolling a
graphene sheet in different chirality: armchair (n,n)(a); chiral
(n,m)(b); zigzag (n,0)(c). In the example, they are (5,5), (6,4)

and (8,0) nanotubes.

Positive and negative charges surface area described the
extended simple point charge (SPC/E) of water model. Isovalue
for surface is 0.0004.

Starting geometry of bulk water(a), water 162 molecules in
(12,12)-SWCNT(b) and water 162 water molecules in (12,12)-
SWBNNT(c).

Total energy (kcal mol™) diagrams show the equilibration of the
NVT ensemble with Nosé-Hoover thermostat at value of 1.00 fs
per a time step (left) and 0.25 fs per a time step (right): total
energy of bulk water (a), water 77 molecules in (9,9)-SWBNNT
(b) and water 102 molecules in (10,10)-SWBNNT (c).
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Angular momentum diagram of systems show equilibration state
of the NVT ensemble with Nosé-Hoover thermostat at value of

0.25 fs per a time step of bulk water (water 1,000 molecules).

Angular momentum diagrams show equilibration state of the
NVT ensemble with Nosé-Hoover thermostat at value of 0.25 fs

per a time step of water 77 molecules (9,9)-SWBNNTSs.

The spherical radial distribution function (RDF) of bulk SPC/E
water (1,000 molecules); the partial structure factors of goo(r),
gon(r) and gun(r) at the average temperature of 298 K and the

water density of 1.00 g cm™,

The spherical radial distribution function (RDF) goo(r) of water
confined in SWCNTa of g, = 0.1143 kcal mol™ (a), SWCNTb
€co = 0.1230 kcal mol™ (b) and SWBNNT (c); (9,9)-nanotubes:
blue, (10,10)-nanotubes: pink, (12,12)-nanotubes: orange,
(14,14)-nanotubes: green, (16,16)-nanotubes: violet, (20,20)-
nanotubes: brown and bulk system: soft green at the average
temperature of 298 K and the water density of 1.00 g cm™,
Structure of coordination number distribution of bulk water

a) Histogram of percentage n(r) distribution of bulk water

b) A snapshot of bulk water

c) Snapshot of tetrahedral structures

Histogram of coordination number distribution of water in
SWBNNT (left) and inset cross section snapshots (right).
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LIST OF FIGURES (Continued)

Three-dimensional distribution trajectories (left) of a selected
water molecule in (9,9)- (a), (10,10)- (b), (12,12)- (c), (14,14)-
(d), (16,16)- (e) and (20,20)- (f) armchair SWBNNTSs; their
projections onto the xy plane (middle); and cylindrical g(r)
distribution functions of water with respect to the center of those
SWBNNTSs (right).

Top view (a) and side view (b) of a shapshot of the six-
membered ring structure of the single-walled ice-like nanotube
in a (9,9)-armchair SWBNNTS.

Radial distribution functionsg,,, 9o, , and g,,, for pure water

(solid) and for water molecules in the center (-2.2 A< r<2.2 A)
of the (20,20) SWBNNT (dashed).

Average number of water molecules present in the first water
layer next to the pore wall at time 0 and still present there at later
times, from simulations (10,10)-SWBNNT and (20,20)-
SWBNNT (top), and additionally, for comparison, SWCNTa and
SWCNTb (bottom).

Axial mean square displacement (MSD) (z axis) of bulk water
(1,000 molecules).

Mean square displacements of the oxygen atom, from
simulations SWCNTa (a), SWNCNTb (b), and SWBNNT (c).

Self-diffusion coefficients see Table 5 and Figure 19.

Comparison self-diffusion coefficients of water confined in 3

difference attractive interactions and difference size nanotube.
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