










Artificial high temperature supercon-
ducting structures were grown by
pulsed laser deposition in Rome,
stacking in sequence epitaxial layers
of Ba0.9Nd0.1CuO2+x (charge reser-
voir block) and CaCuO2 (infinite lay-
ers superconducting block). Various
artificial structures were engineered. 
Electrical charge distribution was in-
vestigated by Seebeck effect in
(Ba0.9Nd0.1CuO2+x)M/(CaCuO2)N su-
perlattices as a function of N [1].
Furthermore, uperconducting prop-
erties of ultra-thin M/N/M artificial
structures consisting of a single Ca-
based block (made of N unit cells)
sandwiched between two Ba-based
blocks (made of M unit cells) were
investigated.
These artificially engineered struc-
tures, having overall thickness in the
nanometer range and active layer
thickness in the sub-nanometer
range, represent a powerful tool for
the investigation of the fundamental
physical properties of high tempera-
ture superconductivity.
In this framework we have investi-
gated the electrical transport proper-
ties and the vortex properties of these
new materials.

The purely intralayer critical cur-
rent density was inductively meas-
ured at 4.2K and resulted to be larg-
er than 108A/cm2 (with Tc higher
than 50K) [2].
Superconducting properties of these
ultra-thin layers were compared with
those measured for  superconducting
thick superlattices.
Vortex matter in M/N/M structures
was investigated by scanning SQUID
magnetometry (SSM) and suscep-
tometry. The first experimental evi-
dence for Pearl vortices in the regime
d<<λL was given.
This can be considered the closest at-
tempt to investigate vortices in two
dimensional systems (vortices of zero
length). This experiment has proved
that extreme regimes are experimen-
tally accessible through SSM and
opens up several prospects of broad
interest for experimentally isolate the

properties important for supercon-
ductivity in high Tc materials [3].
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A) Synthesis of
nanosized hydroxyapatite,
tricalcalcium phosphate and
biphasic calcium phosphates

The synthesis methodology devel-
oped in our laboratory can provide
up to 50 g of nanopowders. The se-
lection of the pivotal process param-
eters (concentration of precursors,
pH and T) allow to control morphol-
ogy, dimension and composition of
the nanocrystals. Obtained powders
are fully characterised as follows: the
chemical composition of powders
and mother solutions is accurately
determined by Induced Coupled
Plasma Spectroscopy  (ICP), the ther-
mal behaviour is followed by simul-

taneous thermal analysis (TG-DTA),
the characteristic functional groups
are evidenced by FT-IR spectroscopy,
microstructure is studied by scan-
ning electron microscopy (SEM, FE-
SEM) and transmission electron mi-
croscopy, the specific surface area is
measured by N2 adsorption (BET
method), phase analysis, cristallinity
degree and thermal stability up to
1400 °C are studied by X-ray diffrac-
tion analysis (XRD and HT-XRD). Fi-
nally the sintering behaviour of
nanopowders is studied by thermal
dilatometry. Research projects are in
progress for the realisation and char-
acterisation of innovative nanostruc-
tured scaffolds for bone tissue engi-
neering.
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Nanomaterials for rigenerative medicine
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Single quantum dots (QD) are attrac-
tive from scientific and application
viewpoints because their density of
states is peculiar and make them very
similar to artificial atoms. It is possi-
ble to control and manipulate a num-
ber of charged carriers by confining
them in a spatial region of a few tens
of nanometers. Controlling the carri-
er storage inside the dot is the start-
ing point to built single photon emit-
ters. The growth of III-V semicon-
ductor QDs, namely InAs dots, on
GaAs patterned substrates is of tech-
nological interest in order to realize
the selective nucleation of a single
dot inside a 50-100 nm -sized hole
suitable for single emitter optical de-
vices. To this end the nanoemitter

must be an efficient source of light,
implying that both size and position
random fluctuations must be avoid-
ed. Efficient localization strategies
must be developed based on sub-
strate pre-patterning and guided by
accurate theoretical predictions of
surface kinetics on realistic time and
length scales. The experimental tech-
nique we utilize to achieve selective
nucleation of QDs makes use of a
SiO2 mask deposited over the sub-
strate in which nanoholes are drilled
by electron beam lithography and
where InAs dots are subsequently
nucleated by molecular beam epitaxy
(Rome). To understand the nucle-
ation mechanisms of QDs the kinetic
processes taking place on the WL of

GaAs in correspondence of the 2D-
>3D transition are studied by using
atomistic simulations and realistic ki-
netic models (Modena), relying on
the surface reconstructions observed
experimentally to identify adatom
adsorption sites and diffusion energy
barriers. Advanced spectral charac-
terization by micro-photo-lumines-
cence experiments (Modena) are
done to investigate the single quan-
tum dot emission and to measure ra-
diative and capture rates at different
temperatures as a function of struc-
tural  non homogeneities and of the
possible interaction between dots
arranged in defined geometries.

Spatially controlled nucleation of
quantum dots for single photon emitters
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B) Non-wove micro/nano
fibrous bioresorbable scaffolds
for tissue engineering by
electrospinning technique

Tissue engineering is an interdiscipli-
nary field that applies the principles

of engineering to the development of
biological substitutes that restore,
maintain or improve tissue function. 
The electrospinning technique is re-
alised by applying a high voltage to a
capillary through which the polymer-
ic solution is forced to flow.
The polymer is collected onto a
grounded target. The typical non-wo-
ven structure of electrospun fabrics
favour cell adhesion and prolifera-
tion and support diffusion of nutri-
ents and waste products, thus pro-

moting cell colonization. In our labo-
ratory we are able to produce mem-
branes and 3D scaffolds by electro-
spinning of several bioresorbable
polymers. Obtained fibres are uni-
form, homogeneous, and free of
beads and/or junctions. By properly

selecting process parameters (viscos-
ity, applied voltage, target-needle dis-
tance,…) it is possible to obtain a
wide variety of products with differ-

ent microstructural features, me-
chanical properties and biological re-
sponses. Microstructure is investigat-
ed by SEM, cristallinity by differen-
tial calorimetry (DSC), phase analy-
sis by XRD and mechanical proper-
ties evaluated by tensile test. At pres-

ent, research works are in progress
for citotoxicity evaluation and stem
cell differentiation.

■
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There are very few experimental evi-
dences published about silicon nan-
otubes (SiNT). These SiNTs have a
large diameter (≥ 50nm), a huge wall
thickness of 4-6 nm and are embed-
ded in thick SiOx layers [1] or are
filled with amorphous silica [2]. 
The interest for SiNTs in nanoscience
is enormous due to the advantages to
integrate this one-dimensional nanos-
tructure in the nowadays silicon tech-
nology. Here we report on the synthe-
sis by gas phase condensation and
characterization of mostly not-oxi-
dised SiNTs in the nanometre-scale.
Si nanotubes have been synthesised
by dc-arc plasma method [3].
No gas or metallic elements have
been used as catalysts. Transmission
electron microscopy (TEM) analysis
showed that the reaction products
are constituted by nanoclusters of sil-
icon and tubular structure, in the ra-
tio of ten to one.
These latter are characterized by dif-
ferent diameters (≥ 5nm) and their
lenght amounts to hundreds of
nanometers (fig. 1A). 
The inner part of these nanostruc-
tures appears homogeneously bright
with no feature of encapsulated par-
ticles. The application of selected
area electron diffraction to small ar-
eas containing only one single nan-
otube did not show any diffraction
pattern, suggesting that the inner
volume is empty.
Moreover, TEM images clearly show
the presence of two dark lines (fig.
1B), of the order of nanometer run-
ning along the edges of these nanos-

tructures. The occurrence of these
lines, generally observed in case of
single wall carbon nanotube, ensures
us on their single wall nature.
The study of several Si L2,3 near edge
electron energy loss spectrum record-

ed on each nanotube confirms their
silicon nature, while a negligible sig-
nal of elemental oxygen can be some-
times detected at its K edge. Scanning
tunneling microscopy (STM) con-
firms the presence of nanotubes, iso-
lated and/or in-chain nanoparticles.
Nanotubes were found to lay on the
highly oriented pyrolitic graphite
surface as tangles, as bundles of a few
tubes or alone. STM images showed
them as straight, bent, coiled and
sometimes tightly braided. The meas-
ured diameter of the straight and
bent tubes is found to range between

2 and 35 nanometers. Coiled nan-
otubes result to be even smaller.
Scanning tunneling spectroscopy
analysis gives hints of a metallic or
semiconducting nanotube behaviour
[3,4].
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Figure 1 - A: TEM image of nanoparticles and free-standing nanotubes dispersed through an iso-
propyl droplet on a Au grid (mesh 1000). B: TEM image of a free-standing Si nanotube with a pecu-
liar T shape; two dark lines running along the border of the tube can be easily observed.
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Photovoltaic effect has always relied
on semiconductors p-n junctions
based on doped silicon or III-V-semi-
conductors. Recently, however, the
use of carbon nanotubes has evoked
large promises to increase the poten-
tial of light conversion and current
generation [1]. Carbon nanotubes in
fact possess extended-electron sys-
tems and characteristic van Hove sin-
gularities, which in combination
with photoexcitable electron donors
can provide the basic structural ele-
ment for efficient photovoltaic con-
version devices as demonstrated by
Lee et al. [2] and by Guldi et al. [3].
However single wall carbon nan-
otubes (SWCNTs) have shown a low
efficiency (0.2%). Relative to SWC-
NTs, multi wall carbon nanotubes
(MWCNTs) present a number of im-
portant applicative advantages. In
particular, they are slightly easier to
process than SWCNTs, because they
generally do not form bundles and
are found to be straight. Moreover,
due the large number of concentric
graphitic inner shells, they appear
more suitable for achieving charge
transfer and charge transport.
Remarkably, also MWCNTs can be
good light converters as shown by
our own recent measurements re-
ported in fig.1 [4]. 
We have demonstrated in fact the
ability of multi wall carbon nan-
otubes to generate photocurrent up-
on the visible and ultraviolet spectral
range. Carbon nanotubes were grown
on SiO2 substrate by thermal chemi-
cal vapour deposition.
Fe ultrathin films were used as cata-
lysts and the substrate were heated
at temperatures between 600 and
750 oC and exposed to C2H2 gas for
30 minutes. Scanning electron mi-
croscopy (SEM) and transmission
electron microscopy (TEM) have

been used to characterize the
growth behaviour and the structure
of carbon nanotubes and Raman
spectroscopy to assess the nan-
otubes diameter and there multi
walled nature. Photocurrent meas-
urement of SWNTs/SiO2 electrode,

put in an electrochemical cell, was
excited with visible light and a solu-
tion of 0.5 M NaI and 0.01M I2 in
acetonitrile has been used as electro-
lite. The intensity of photocurrent
reached 800 nA, at the emission
maximum located at 400 nm, and a
continuum spectrum has been col-
lected at different excitation wave-
lengths as well as on-off cycles. The
maximum photon-to-current con-
version efficiency is approximately
7%, about 50 times higher than that
reported for single wall carbon nan-

otubes. Our experience shows that
the lifetimes of the charge separated
species are enough long to consider
nanotubes excellent candidates for
the fabrication of photovoltaic nan-
odevices and solar energy conver-
sion applications.
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Visible and ultraviolet photocurrent generation
in carbon nanotubes
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Figure 1 - Photocurrent generation measurements were performed using a three-electrode config-
uration, with a SiO2/Fe/MWCNTs sample as working electrode, a saturated calomel reference elec-
trode and a platinum wire as auxiliary electrode. The electrolyte was NaI 0.5 M and I2 0.01 M in ace-
tonitrile. The surface was photoirradiated with a Xe lamp equipped with a monochromator. IPCE rep-
resents the photon to current conversion efficiency. The inset shows photocurrent on-off cycles of
such systems excited with visible light (Ï ~ 400nm).



The understanding of excited state
properties of liquid water is essential to
study the chemical and physical behav-
iour of many biochemical and industri-
al processes that occur in solution. 
Here we present a calculation [1] of
the optical absorption spectrum of
water from first principles, including
both self-energy effects and the elec-
tron-hole interaction.
The main problem concerning the
study of disordered system is that
one should use a very large unit cell,
with a consequent prohibitive com-
putational cost. In order to overcome
this bottleneck, we used a smaller
unit cell (17 water molecules) but
exploiting several molecular dynam-

ics (MD) snapshots of water as input
geometries; then we averaged the re-
sults over all the configurations.
We started the calculations within
density functional theory (DFT) to
obtain the Kohn-Sham (KS) eigenval-
ues and eigenvectors. The averaged
optical absorption spectra at the DFT
independent-particle level, shown in
fig. 1 (red solid line), do not compare
in a satisfactory way with the experi-
mental absorption spectrum [2,3]
shown in the inset of the figure.
Therefore, in order to correct the
Kohn-Sham energy levels we used
the Green’s function perturbative ap-
proach, within the GW approxima-
tion. This should be done for all the

20 MD configuration, followed by an
average; however we found out that
the GW corrections were almost
identical  for all the configurations.
This can be understood by the fact
that a change in configuration does
not modify drastically the screening
of an additional hole or electron. 
Since the calculated GW shift was al-
most constant for all the levels, the
GW optical spectrum shows a line-
shape very similar to the DFT one,
but shifted to higher energies and the
peak positions are now strongly blue-
shifted. The  agreement with the ex-
perimental spectrum was hence not
improved at all, as can be seen in fig.
1 (black dotted line). This was a clear
hint that it is necessary to include, in
the calculation of optical spectra,
two-particle effects. This has been
done by solving the Bethe-Salpeter
equation, which accounts for the
electron-hole interaction, for all the
20 configurations. The resulting av-
erage is shown in fig. 1 (blue dashed
line). Dramatic many-body effects
are evident and the agreement with
the experiment is significantly im-
proved. The first peak in the spec-
trum turns out to be a bound exciton
with a binding energy of 2.4 eV and
large oscillator strength.
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Figure 1 - Averaged optical absorption spectra: single particle DFT spectrum (solid line); GW spec-
trum (dotted line); BSE spectrum (dashed line). Inset: experimental spectrum (line [2]; circles [3]).



First principle electronic structure
and ab-initio molecular dynamics
simulations have been successfully
used to investigate the electronic
properties of different systems, rang-
ing from biological matter to materi-
als [1]. Recently, mixed Quantum
Mechanics / Molecular Mechanics
(QM/MM) methods have been devel-
oped to allow the study a portion of
the system at full quantum level (us-
ing for instance Density Functional
Theory), whereas all the rest is treat-
ed at the classical force-field level.
This techniques has been successfully
applied to study enzyme catalytic re-

actions in situ treating the active site
of the enzyme with first principles
Car-Parrinello molecular dynamics
and all the rest of the protein and sol-
vent at the classical level [2].
Excited state calculations can also be
performed within the QM/MM
methodology and it was successfully
applied to calculate spectroscopic
properties of biomolecules in solu-
tion [3]. There are many cases in bio-
physics and in material science
where the approximation commonly
used in DFT are not valid anymore
and the use of a higher level compu-
tational technique, like Quantum

Monte Carlo, is therefore necessary.
This happen in systems where elec-
tron correlation plays a mayor role
like the case of near-half-filled-d-
shell transition metals (like Cr, Mo,
Fe, Ni) or in the description of excit-
ed states. For many of these systems
Density Functional Theory (DFT)
approximate exchange-correlation
functionals might often provide a
qualitative wrong picture of the elec-
tronic properties.
To properly treat such systems we are
currently developing new tools based
on a mixed Quantum Monte Carlo
(QMC) / Molecular Mechanics tech-
niques [4]. With these tools we are
currently studying the optical prop-
erties of large protein chromophores
(PYP, GFP, Rhodopsin) in gas phase
and in their natural environment.
Transition metal reactions are also
currently studied at the QMC level to
explore the catalytic mechanisms of
iron containing enzymes.
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Exploring Biological Systems and Materials
by First Principles:
Quantum Mechanics / Molecular Mechanics
(QM/MM) and Quantum Monte Carlo
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Left - QM/MM simulation of the Green Fluorescence Protein (GFP) dimer in water solution. 
Right - The GFP chromophore is represented with thicker sticks and treated by Quantum Monte Car-
lo methods for both the ground and the excited states. All the rest of the protein and solution is in-
cluded in the simulation using AMBER force-field.
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Self-assembling of biomolecules
in nanostructured channels:
applications as new drugs, molecular devices
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One possible solution to the life-
threatening problem of the insur-
gence of bacteria resistant to the
available antibiotics is offered by nat-
ural antimicrobial peptides (AMPs). 
These short peptides (about 10-20
aminoacids long, often exhibiting an
amphipathic helical structure) are
produced by virtually all organisms
as a first line of defense against
pathogens. In contrast to traditional
antibiotic drugs, these molecules act
simply by binding to the bacterial
membrane, and self-assembling in
nanopores which make it permeable,
thus leading to cell death.
We have studied the mechanism of
action of several of these peptides

(trichogin, alamethicin, PMAP-23
and their synthetic analogues) by
many spectroscopic techniques,
characterizing their affinity for lipid
membranes, aggregation state, posi-
tion and orientation inside the bilay-
er and obtaining an estimate for the
size of the pores.
This information shed new light on
the mechanism of pore formation,
providing a detailed model of this
process [1].
New studies, with several micro-
scopic and scattering techniques and
different membrane model systems,
are now underway, to provide a
clearer picture of the structure of
these nanopores.

Besides their intrinsic interest in the
field of pharmacology, the peculiar
properties of amphiphilic peptides,
i.e. their self-assembling capacity and
the extremely high-affinity for lipid
membranes, can be usefully exploit-
ed for designing new bio-inspired de-
vices with future applications in mo-
lecular electronics, bio-imaging and
molecular sensing.
For instance, we have shown that
helical peptides immobilized on a
gold surface, self assemble in a well-
packed monolayer, which exhibits
interesting properties in the genera-
tion of photocurrents [2].
Other applications currently investi-
gated involve the insertion of these

Endocannabinoids are amides, esters
and ethers of long chain polyunsatu-
rated fatty acids, which act as new
lipid mediators. Anandamide (N-
arachidonoylethanolamine; AEA)
and 2-arachidonoylglycerol are the
main endogenous agonists of
cannabinoid receptors, able to mimic
several pharmacological effects of ∆9-
tetrahydrocannabinol, the active
principle of Cannabis sativa prepara-
tions like hashish and marijuana.
The activity of AEA at its receptors is
limited by cellular uptake through a
specific membrane transporter, fol-
lowed by intracellular degradation by
a fatty acid amide hydrolase (FAAH).
Growing evidence demonstrates that
FAAH is the critical regulator of the
endogenous levels of AEA, suggest-

ing that it may serve as an attractive
therapeutic target for the treatment
of human disorders like pain, neu-
rodegeneration, cancer, infertility,
and anxiety. My group is interested in
developing new methods to speed up

our understanding of the contribu-
tion of FAAH (and other elements of
the so-called “endocannabinoid sys-
tem”) to human disease, as well as
the potential applications of FAAH
inhibitors in human therapy.

Fatty Acid Amide Hydrolase: A Potential Target
for Next Generation Therapeutics
M. Maccarrone – NAST Centre, Nanoscienze & Nanotecnologie & Strumentazione

Schematic diagram of the three-dimensional structure of FAAH, docked with the irreversible inhibitor
methyl arachidonoyl fluorophosphonate (MAFP).



peptides in surface-supported lipid
membranes; for instance, the volt-
age-dependent formation of mem-
brane channels by some antimicro-
bial peptides (such as alamethicin)
can be exploited to design new mo-
lecular switches.
Finally, due to their high affinity for
the lipid phase, antimicrobial pep-
tides can also have interesting appli-
cations as carriers of ions or small lig-
ands into the lipid bilayer. For exam-
ple, Gd(III) complexes are currently
investigated as contrast agent in mag-
netic resonance imaging (MRI), be-
cause of their capacity to increase the
relaxation rate of tissue protons. Un-
fortunately, the intrinsic low sensitiv-
ity of NMR spectroscopy requires a
relatively high concentration of Gd
ions, that, as free element, show dan-
gerous toxic effects at very low con-
centrations.
We have shown that trichogin binds
with high affinity such ions, and can
be employed for carrying and loading
them into lipid membranes and, by
appropriate functionalization, for tar-
geting of pathological cells. Another
aspect of our research in this field is

the influence of small molecules on
the structural organization of saccha-
ridic polymers.
In particular, we have investigated the
behavior of scleroglucan in the pres-
ence of borax. Scleroglucan is a gel
forming polysaccharide that attains,
under physiological conditions, a stiff
triple-helix conformation (triplex);
this gel is used in many fields, in par-
ticular for drug delivery.
We have shown that the presence of
borax, during tablet formation,
strongly modifies the macroscopic
behavior of the scleroglucan gel
when water is added: under these
conditions it shows a huge anisotrop-
ic swelling that is, at the best of our
knowledge, the largest one observed
in similar systems. We have shown,
by computational methods, that this
macroscopic behavior arises from a
nanoscopic organization of the
triplexes (see Figure 1). 
The presence of borax induces a self-
assembly of different triplexes in a
parallel configuration [3]. As results
of this arrangement, channels are
formed in the gel phase, with a diam-
eter of about 2 nm, that strongly in-

fluence the physical-chemical prop-
erties of the gel. In particular we
demonstrated that the drug release
kinetics, and the water static and dy-
namic properties are modified as a
consequence of confinement in the
channels.
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Figure 1 - Polisaccharide scleroglucan without (A) and with (B) borax. The borax, at macroscopic level, produces an anisotropic swelling of the tablet
(on the left) and at nanoscopic level (Molecular Dynamics simulations) induces a self assembly of triplexes (on the right).
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Recently, carbon nanotubes have at-
tracted a lot of interest  because of its
particular properties, that promote
the electron-transfer reactions for bi-
ological molecules. A sensitive neu-
rotransmitter sensor, based on SWC-
NT-modified W microwires, was as-
sembled using the CVD technique
[1] to deposit carbon nanotubes on
tungsten (W) microwire surfaces
(300 µm diameter) without chemical
fictionalisation. Even thought these
modified W microsensors displayed
high sensitivity for important
neuorotransmitters, its selectivity to-
ward the most common interferents
resulted very poor (because of the ab-
sence of the electrostatic barriers due
to the functional groups).
According to this, a selective epi-
nephrine sensor was assembled using
highly biocompatible stainless steel
microelectrodes, previously coated
with functionalised SWCNTs via
EPD [2]. The novelty of these chem-
ically modified microelectrodes is
characterised by a higher selectivity
toward the negatively charged mole-
cules, for the presence of several elec-
tron-donor groups (as -OH-) [2].
Following the EPD procedure, the
Au microwire based electrodes (250
µm diameter) were previously modi-
fied with the poly(pyrrole)/glucose
oxidase film. This SWCNT/Au/PPy-
GOx biosensor assembly was simple
and sufficiently fast (~1 h), showing
an extended linearity for glucose use-
ful for diabetes applications, covering
the hypo and hyper glicaemic range
values. In addition several oxidase-

based enzymes were immobilised on
a Prussian blue (PB) layer supported
on 1,2-diaminobenzene (1,2-DAB)
nanotubules onto the Pt electrodes
[3]. Conductive polymer nan-
otubules of 1,2-diaminobenzene
(1,2-DAB) were prepared using a
porous polycarbonate membrane
template, placed on a Pt foil and used
to support the polymer, then, the
electropolymerisation was performed
by chronocoulometry.
The obtained conductive polymer
nanostructures were then placed on
Pt electrode and used to support
highly dispersed prussian blue (PB),
which acts as the active component
for H2O2 detection. Using the elec-
trochemical template synthesis sever-
al nanowires [4] can be synthesised,
especially Au/Pt nanowires (3.7⎨m in
length and 200 nm in diameter), that
move autonomously in aqueous hy-
drogen peroxide solutions by
catalysing the formation of oxygen at
the Pt end.
Recently nickel nanowires have been
manipulated using a magnetic field,
and here for the first time [4], we de-
veloped a pulsed magnetic ampero-
metric protocol, based on switching
the magnetic field “horizontal” and
“vertical” orientation, while main-
taining a fixed potential. The attrac-
tion and removal of the catalytic
magnetic nickel nanowires from the
screen printed working electrode al-
lows reversible “horizontal” and
“vertical” electrocatalytic process.
These magnetic oriented nickel
nanowires have been used for anodic

measurements of aliphatic alcohols,
and carbohydrates indicating great
promise for biosensors and fuel cell
analytical applications.
Recently, Carbon Nanofibers (CNFs)
have attracted a lot of interest be-
cause of  several properties, such as
their excellent electrical conductivity
[5], which allow the biosensor as-
sembly for interesting applications,
such as the “mediator free-based
biosensors”. The entrapment of
hemin (Fe(III) protoporphyrin IX)
on the CNF platform promoted the
direct electron transfer reaction, re-
sponsible for the low potential detec-
tion of H2O2 and NO2

- substrates.
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The progresses in micro/nano tech-
nology make affordable new ap-
proaches in the field of medicine.
A concerted diagnostic and therapeu-
tic approaches can answer advanta-
geously to the needs of a clinical sce-
nario relative to the diseases with a
high impact in the modern society, as
cardiovascular diseases and  cancer.
Multifunctionality is therefore a pri-
ority feature in the formulation of
new micro/nano devices concepts.
High quality imaging for early diag-
nostics and localized and controlled
therapy with conventional or gene
drugs are the stakeholders of these
medical devices and open the road to
the new scenario of “theranostics”, a.
Ultrasound devices for diagnostics are
already available on the market but
the new functional properties corre-
spond to breaking through structural
features. Among the searched proper-
ties, the next- generation of ultra-
sound based medical devices it

should be injectable, have longer
shelf and circulation lifes, easy target-
ing, chemical versatility of the parti-
cle surface, large payload capacity.
Focusing on ultrasound responsive
microdevices, additional features
have to be taken into account: opti-
mal ultrasound scattering efficiency
for high quality imaging, occurrence
of inertial cavitation at a mechanical
index, MI, threshold below 0.9 for
accomplishing drug release without
tissue damage upon insonification.
In recent years we have been studying
the formulation and the characteris-
tics of air-filled and polymer shelled
microballoons originating from a
crosslinking reaction of poly (vinyl
alcohol) at the air/water interface.
Laser scanning confocal microscopy
and dynamic light scattering analysis
indicated an average size of 4 ± 1 mm
and a shell thicknes of about 0.6 mm
(F. Cavalieri, A. El Hamassi, E. Chies-
si and G. Paradossi. “Stable Polymer-

ic Microballoons as Multifunctional
Device for Biomedical Uses: Synthe-
sis and Characterization.” Langmuir,
2005, 21, 8758-8764).
Some modulation of the size and
shell thickness was also possible by
varying the reaction condition as
temperature and pH of the medium.
Decoration of the external surface
was also possible with several mole-
cules (F. Cavalieri, A. El Hamassi, E.
Chiessi, G. Paradossi, R. Villa, N.
Zaffaroni. “Tethering Functional Lig-
ands onto Shell of Ultrasound Active
Polymeric Microbubbles.” Biomacro-
molecules, 2006, 7, 604 – 611.)

■
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The characterization of the structure
-to -function relationship underlying
the world of biomolecules is the key
to understand the basic steps of life. 
The main target of such kind of in-
vestigation are obviously proteins
and enzymes, due to their central
functional role in living organisms. 
Here, we have studied the stability of
FAAH, a dimeric integral membrane
protein, as a function of guanidine
hydrochloride concentration and of
hydrostatic pressure.
The unfolding transition resulted to
be complex, and required a fitting
procedure based on a three-state
process with a monomeric intermedi-

ate. The first transition was charac-
terized by subunits dissociation, with
a free energy change of about ≈
11000 cal/mol accounting for ≈ 80%
of the total stabilization energy.
This process was also paralleled by a
large change in the solvent-accessible
surface area, due to the hydration oc-
curring at the dimeric interface and
within the monomers. As a conse-
quence, the two subunits were found
to be much less stable  (DG ≈ 3000
cal/mol), when taken individually.
The addition of methoxy arachidonyl
fluorophosfonate (MAFP), an irre-
versible inhibitor of FAAH activity,
enhanced the stability of the dimer

by ≈ 2000 cal/mol, toward denatu-
rant- and pressure-induced unfold-
ing. FAAH inhibition by MAFP also
reduced the ability of the protein to
bind the membranes.
These findings suggest that local con-
formational changes at the level of
the active site might induce a tighter
interaction between the subunits of
FAAH, affecting the enzymatic activ-
ity and notably the interaction with
biological membranes.
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We propose a continuum theory of
twisted MWCNTs, in which interwall
interactions depend significantly on
defect density. We envisage various
sorts of defect populations, one of
them being nucleated at the outer-
most wall due to chromium deposi-

tion during fabrication; when trig-
gered by repeated twisting cycles, de-
fects transform and migrate in either
the circumferential or the inward ra-
dial direction. We expect our model
to account for all of the seemingly
contradictory experimental facts re-

ported in Refs. 1–5; the relative nu-
merical tests are on their way.
Keywords: Twisted MWCNTs, NEMS,
Continuum Modelling.

■

On a mathematical model
of twisted Multiwall Carbon nanotubes
P. Podio Guidugli1, A. Di Carlo2, L. Teresi2
1NAST Centre, Nanoscienze & Nanotecnologie & Strumentazione; 2SMFM@DiS, Università “Roma Tre”, Via
Corrado Segre 4/6, I-00146 Roma, Italy (e-mail: adicarlo@mac.com - E-mail: teresi@uniroma3.it)



39

Nanoscienze & Nanotecnologie & Strumentazione
CENTRO INTERDIPARTIMENTALE
UNIVERSITÀ DEGLI STUDI DI ROMA TOR VERGATA

Proton momentum distribution of water
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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




