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Dynamics of encapsulated water
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Confined liquids behave differently than in the bulk.
Water is not an exception. Several experimental and the-
oretical studies have analyzed the effect of confinement
of water in different environments such as graphite chan-
nels, carbon nanotubes, silica pores, reverse micelles or
metal oxide nanocapsules.1–3 These studies show that the
presence of an interface distorts the hydrogen bond (HB)
network creating a peculiar layering inside the system or
clear distinct regions of bound water and bulky water.
However, not only the structural parameters of water are
changed as a function of the distance to the wall, but
also its dynamics is different as the surface is approached
from inside. For hydrophilic surfaces, water molecules
have slower dynamics due to the strong HBs with the
charged sites of the confining surface. The difference in
the dynamics is highly dependent on the water-confining
surface interaction and on the geometry of the latter.
Reorientational, translational and vibrational dynamics
clearly reflect these changes.

We have studied the structure and dynamics of wa-
ter confined inside a polyoxomolybdate molecular clus-
ter [{(Mo)Mo5O21(H2O)6}12{Mo2O4(SO4)}30]72− met-
al oxide nanocapsule by means of molecular dynamics
simulations at ambient conditions. The obtained radi-
al density profiles of water oxygen atoms indicate that
the characteristic three-dimensional HB network present
in bulk water is distorted inside the cavity where water
organizes instead in concentric layered structures. Hy-
drogen bonding, tetrahedral order and orientational dis-
tributions analyses reveal that these layers are formed
by water molecules hydrogen bonded with three other
molecules of the same structure. The remaining hydro-
gen bond donor/acceptor site bridges different layers as
well as the whole structure with the hydrophilic inner
side of the cavity. From these results we conclude that
the most stable configuration of the layers is thus that of
a buckyball with twelve pentagons and a variable number
of hexagons (see Fig. 1) depending on the layer.

To study the overall dynamics of the water layers and
the possible switch of water molecules between them, we
have defined the occupation number of water molecules
in a given layer. Exchange of water molecules between
layers are rarely observed, due to the stability of the hy-
drogen bonded layers. At long times, the system shows
a power law decay ν−α with exponents α characteristic
of pink noise in properties like the fluctuations in the
number of molecules in the layers, 〈∆ni(0)∆ni(t)〉, and
the total dipole moment, 〈 ~M(0) ~M(t)〉 (see Fig. 2). The
exponent is surprisingly related to the structure of the
layer and, in particular, to its overall tetrahedral order.

Figura 1. Suggested buckyball-like structure, for water
molecules forming {H2O}80 layer in our system at T = 188
K.

Figura 2. Power spectrum P M
ii (ν) of the total dipole mo-

ment correlation function 〈 ~M(0) ~M(t)〉.

Finally, rotational correlation functions and infrared
absorption spectra have also been computed.
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