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Liquid water is a topic which contin-
ues to attract intense interest and
motivate a large number of experi-
mental and theoretical investigations.
Great attention has been devoted to
the study of water confined in
nanoporous systems of different
geometries, in both solid or gel phas-
es, or in proximity of macromole-
cules and surfaces, because of its bio-
logical and technological impor-
tance. The microscopic properties of
water molecules interacting with the
confining surfaces differ from those
in the bulk phase. The competition
between water-water and water-con-
fining medium interactions leads to
the appearance of new interesting
physical properties. In addition
changes in both structural and dy-
namical properties of water occur.
These changes are introduced both by
the confining geometry and by the en-

hanced surface interaction due to the
large surface to volume ratio of porous
materials and/or due to an interrup-
tion of the bulk correlation length. Re-
cent Deep inelastic neutron scatter-
ing (DINS) measurements have been
performed on water confined in
nanoporous Xerogel powders, with
average pore diameters of 24 Å and
82 Å, have been carried out for pore
fillings ranging from 76% to nearly
full coverage.  DINS measurements
provide direct information on the
momentum distribution, n(p), of
protons, probing the local structure
of the molecular system. The results
show that the proton momentum dis-
tribution is highly non Gaussian.
A bi-modal distribution appears in
the 24 Å pore, indicating coherent
motion of the proton over distances d
of approximately 0.3 Å. The proton
mean kinetic energy of the confined

water molecule is determined from
the second moment of n(p).
The values, higher than in bulk wa-
ter, are interpreted in terms of the
breakup of the hydrogen bonds net-
work of water molecules occurring
within layers close to pore surface. 
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Figure 1 - Spherical averages, 4p p2 n(p), and relative uncertainties, of the
proton momentum distribution for water confined in Xerogel matrices, for
pore diameters 24 Å (continuous line) and 82 Å (dots with error bar, and
for bulk water (continuous line).

Figure 2 - Effective single particle potential (continous line) and wave
function (dashed line) for protons in water confined in Xerogel matrices,
for pore diameters 24 Å.
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The interest in Nanostructures is
based on their different physical prop-
erties and consequently new technolo-
gal applications as compared to macro-
scopically structured matter. Our work
is focussed on the optical analysis of
individual nanostructures.
This will give information on electron-
ic and vibrational properties in de-
pendence of the dimensional reduc-
tion. Our main interest is right now
concerned with Raman scattering and
semiconductors (nanorods, nan-
otubes) but organic molecules ad-
sorbed on surfaces are also in our view.
Apparatus-wise we are operating a
high spectral resolution Raman Spec-
trometer which is at present devel-
oped from micrometer to nanometer
spatial resolution by exploiting the
optical Near-Field via apertureless
metal tips. This will allow us to ana-
lyze individual nanostructures a goal
that can be reached  at present with
Micro-Raman only in low density
samples. Moreover, with nanometer
spatial resolution inhomogeneities
like heterojunctions in 1-d Nanos-
tructures may be studied. The setup
will allow immediately for Raman
scattering, photoluminescence and
transmission measurements.

Presently we are operating  with spa-
tially resolutions in the 1 - Microme-
terrange (Micro-Raman) and study in
the low density regime Nanorods
from Silicon, ZnO and GaAs – based
ones as well as nanotubes from Car-
bon and Silicon.
In fig.1 we show some recent results
on the Raman spectrum of GaAs(111)

nanorods showing a splitting of the
LO-phonon into several lines while
the TO-phonon remains in its bulk
position.
An obvious explanation for this sur-
prising results is the modification of
the macroscopic electric phonon
field due to the reduced dimensions.

Figure 1 - Micro-Raman spectra of GaAs(111) Nanorods showing the splitting of the LO – phonon
into several peaks, while the TO-phonon appears unchanged as compared to the bulk [1,2]; 

SEM image from U Lecce MOVPE Lab




