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A rods forest in the as deposited gig-lox layer we
can to observe in Fig. 2a, with rod diameter in the
range of ~80-90 nm. The rods are separated by ~10-
50 nm large voids extending through the whole thick-
ness (~800 nm). This represents the meso-porosity
of the layer. The ppg layer (see Fig. 2b) appears,
instead, more compact, similarly to what reported
in the literature[8]. Accordingly, after thermal treat-
ments, grain coalescence causes a shrinkage of the
pores in the ppg layer (especially at the surface: see
Fig. 2d). This effect is more pronounced after an-
nealing at 500°C. On the other hand, the gig-lox layer
retains its porosity through the whole thickness with
the rod forest architecture still preserved (Fig. 2c).

Structural analyses. The crystallographic
properties of the TiOy samples were investigated by
XRD analyses. They have confirmed that a struc-
tural improvement arises from the use of a thermal
treatment. The final structures of the gig-lox with re-
spect to the ppg layer are compared in Fig. 3a after
a thermal treatment at 500°C. We deduce a general
predominance of the (004) growth planes in both ma-
terials. Despite this similarity, the gig-lox layer has
a larger abundance of domains exposing (004) planes
at the sample surface.
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Figure 3: Structural analyses by XRD and TEM tech-
niques. (a) XRD patterns of TiOs2 gig-lox and ppg
samples; (b) HR-TEM cross section of TiOs gig-lox
layer shows the facets along the (101) planes and (c)
schematic of the facets.

To go deeper into the growth process and to un-
derstand the origin of the preferential orientation of
our gig-lox layer along the [001] direction, a comple-
mentary study on the structure was performed by
TEM analyses. As shown in Figs. 3b and 3c the
grains are laterally faceted. These facets could be
attributed to the grazing incidence deposition geom-
etry because shadowing prevent the TiOg blocks to
largely and freely expand in the lateral directions.

Dye loading and optical analyses. The em-
powering offered by the gig-lox structure was tested
on its infiltration capability and surface reactivity by
using test-molecules bearing a COOH group to be
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anchored on the TiOgy surfaces like the N-719, since
largely used in the literature[2]. XPS was used to
investigate the TiOy surface modification after sen-
sitization (Fig. 4c) compared to the N-719 powders
(Fig. 4b). In fact, as reported on the spectra in
the C 1s region, we can to observe the band due to
the C-C/C-H species is located at 285.1 eV, whilst
the C-N bond and the COO~ group give contribu-
tions at 286.3 eV and at 288.2 eV, respectively. As
a fingerprint of the anchoring, the last component is
more pronounced in the gig-lox than in the powders
spectrum. As a further evidence of the molecular an-
choring on the TiOs surface, the band at 289.4 eV,
due to the unreacted COOH groups, is not present
in the spectrum of the infiltrated TiO layer.
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Figure 4: XPS high resolution spectra in the C 1s
region for (a) gig-lox TiOy layer functionalized with
N-719 compared to (b) N-719 powders; (¢) SE mea-
surements for the Transmittance analysis to compare
the behavior before and after dye loading.

SE measurements reveals the occurrence of some
optical modifications after dye loading: an increase
of the refractive index which was associated to the
dye molecules filling the TiO5 pores (see Table 1); a
reduction of the layer transmittance in the range of
380-550 nm, wherein the specific absorption on N-719
is expected (Fig. 4a).

Table 1: Table 1. Refractive index and layer porosity
from Ellipsometric data fitting.

Grazing incidence geometry assisted by local

Parallel plate geometry idati
oxidation

Annealed at
500°C + N-719

Annealed at
500°C

Annealed at
500°C

As deposited As deposited

Refractive index
at 550 nm

Porosity (%)

222 213 2.05 2.22

34 <21 41 41 28

Moreover, using the approach applied by Richards
et al.[9], we have been evaluate the porosity on gig-
lox and ppg samples as shown in Table 1. We found
that as deposited ppg sample is less porous than the
gig-lox one and it becomes much more compact when
subjected to annealing at 500°C. In contrast, the
porosity in the gig-lox sample does not change with
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annealing because the nano-structure is preserved; its
refractive index is rather reduced according to the
structural arrangement of TiO5 in the anatase lat-
tice. These results confirm how we observed in the
FE-SEM images.

By UV-Vis absorption measurements we estimate
the density, Djy_719) using the Lambert-Beer law:
Diy_719) = [A/(e-b)]-Na, where A is the absorbance,
€ is the molar absorption coefficient (e;y_719) =
1.4-10* M~tem™1), b is the light path and the N4
is the Avogadro’s number[10] (see Table 2). From
the comparison, it emerges that the gig-lox layer an-
nealed at 500°C accommodates the largest amount
of molecules, likely due to the crystallographic im-
provement of the surface exposed by the TiOs rods
edges with respect to the starting material. On the
other hand, the ppg layer pre-treated at 500°C shows
a grain coalescence (see Fig. 2d) that definitively ob-
struct the dye infiltration.

Table 2: Table 2. Molecular density evaluated by
UV-Vis measurements and estimated by the Lambert-
Beer’s law.

Deposition
geometry

Net
Absorbance

Thickness
(nm)

Density of the Dye Infiltrated
(molecules/cm?3)

gig-lox @550°C 800+10 0.128 9.63x10%°
ppg @500°C 500 + 15 ~0 ~0
Conclusion

We grow multi-porosity (nano and meso) TiO2 scaf-
folds developing a new method based on two differ-
ent effect: the shadowing effect and the local oxida-
tion effect. The material gains an average porosity of
~40% in volume which is maintained up to (at least)
500°C of post-deposition annealing; additionally, sur-
face faceting represents an added-value for the TiOq
surface to interact with functional materials. In all
those respects, the gig-lox layer structure surpasses
what achievable by sputtering in conventional ways.
Its competition level with chemically synthesized ref-
erence counterparts is demonstrated by the function-
alization of the gig-lox TiO2 scaffold with N-719. A
high photo-active molecular infiltration was proved
by chemisorption of the photo-active dye molecules
(~1-10%° molecules/cm?) in the TiOy layer.
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Future Works

We intend to further improve the TiO4 gig-lox layer
porosity and we want to integrate this material in a
DSC architecture to test its potentiality in a device.
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Abstract

The research activities developed during my PhD involve the study of dynamical and thermodynamical properties of

liquids, soft condensed matter and complex systems. In this frame, the analysis of the effects of hydrophobic moieties

on the dynamics of these systems is a very important open question. By means of Nuclear Magnetic Resonance (NMR),

that allows to investigate the dynamical characteristic of water systems, several experiments were performed to show

that hydrogen bonds and the hydrophobic effect play a very important role in many properties of aqueous systems, such

as the folding process of proteins.
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Introduction

Liquid water is the most extraordinary substance
both for its biological importance and for its unusual
and counterintuitive properties when compared with
normal liquids, especially in the supercooled regime
[1]. In fact, it has importance as a solvent, and as
a biomolecule, e.g. structuring proteins [2]. Indeed,
understanding the thermodynamical and dynamical
properties of water is a topic of great interest in both
science (including the fields of physics, chemistry, and
biology) and technology. In particular, water pos-
sesses many thermodynamic anomalies due to the
clustering behavior in the development of the hydro-
gen bond (HB) network. When HBs cluster, they
form an open tetrahedrally coordinated HB network
in which the oxygen atom in a water molecule has
two hydrogen-donating sites, and the two hydrogens
are single acceptors. When the temperature T of the
stable liquid phase is lowered, HB lifetime and cluster
stability increase.

A very important thermodynamical aspect oppos-
ing water HBs is the hydrophobic effect. Hydropho-
bic interactions describe the relations between wa-
ter and hydrophobes (low water-soluble molecules).
These substances are constituted by long chain of
hydrocarbons in which the covalent bonds between
the Carbon and Hydrogen atoms are nonpolar co-
valent bonds. With nonpolar covalent bonds, un-
kike polar covalent bonds, there is an equal shar-
ing of electron between the Carbon atoms and the
Hydrogen atoms. Thus, there is no charge separa-
tion in the molecule and it cannot form hydrogen
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bonds with water. In short, nonpolar hydrophobes
have the tendency to aggregate in aqueous solu-
tion excluding polar water molecules [3]. This oc-
curs because interactions between the hydrophobic
molecules enable the disruption of highly dynamic
hydrogen bonds among molecules of liquid water.
When a hydrophobe is dropped in water, HBs be-
tween water molecules will be broken to make room
for the nonpolar substance. Usually, at normal condi-
tion and low concentrations, water molecules do not
react with hydrophobe. HBs amongs water molecules
that are deformed by the presence of the hydrophobe
will generate an ice-like cage structure around the
hydrophobe. Indeed, the resulting configuration is
more organized and this leads to a decrease of the
total entropy of the system. The strength of hy-
drophobic interactions is higher than other weak in-
termolecular forces and depends on several factors
such as temperature, the shape and the number of
carbons in the long chain of hydrophobes that do
not interact with water molecules. Hydrophobic in-
teractions occur in several aqueous systems, such as
water-alcohol solutions and hydrated proteins, com-
peting with HBs hydrophilicity. To investigate the
importance of hydrophobic effect, different studies
have been performed in the above mentioned systems
[4-6].

Concerning aqueous solutions of alcohols, an im-
portant topic is the amphiphilic characteristics of al-
cohol molecules to have both hydrophobic and hy-
drophilic domains, and thus their dual capability to
form HBs with water molecules and to exert hy-
drophobic interactions [4]. Indeed, aqueous solutions
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of small amphiphile can be used as model systems to
test water HB interactions and the hydrophobic ef-
fect. The simplest amphiphilic molecule is methanol,
CH3O0H, which consists of a single hydrophilic (OH)
and a single hydrophobic (CH3) group. Whereas
bulk liquid water is essentially a fragile glass-former,
methanol is a strong glass-forming liquid and its
transport parameters, such as viscosity 7, exhibit an
Arrhenius behavior (n = noexp(E/kgT) [5]). Since
one of the donor sites in the methanol molecule is re-
placed by a hydrophobic group (methyl), it has one
donor and one (or two) HB acceptor sites. As shown
in ref. [5], the behavior of the methanol-water solu-
tion is more complex than that one found in simple
mixtures: in fact, the thermodynamic and transport
properties are anomalous because the interaction be-
tween the two liquids is strong. In particular, for high
T, the hydrophobicity in water-methanol solutions is
stronger than the water-glycerol ones [4]. Glycerol,
C3HgOs3, a polyol with three hydroxyl groups, unlike
methanol, is a fragile glass-forming liquid. This al-
cohol has a total of 14 HBs, eight acceptors and six
donors due to the oxygens. Among the HB accep-
tors, four come from the methylene CHy groups, one
from methine CH, and three from the hydroxyls. The
interaction between glycerol and water are of special
interest in the context of supercooled materials for
the strong resistance to crystallization of this sub-
stance. Generally, adding an alcohol to water affects
both the water network and the supercooling tem-
perature. In fact, the alcohol concentration and the
HB patterns formed in these alcohol-water solutions
inhibit ice crystallization, e.g., moderate water con-
centrations in methanol allow supercooling at tem-
peratures down to ~100K, and for glycerol down to
~180K [4]. Furthermore, water-glycerol system has
been studied to demonstrate other thermodynamical
aspects of water systems [7].

Another significant aqueous systems in which hy-
drophobicity takes an important role are hydrated
proteins. In water-protein interaction, the HBs drive
the structure and functioning of proteins. In fact,
HBs stabilizes the amide functional groups of the
protein. Thus, the stable configuration for hydrated
peptides corresponds to the formation of two HBs be-
tween water molecules and peptide moieties: in the
HB with the oxygen of the carbonylic group (C-0O),
water is the HB donor, whereas, in the case of the
HB of the amide (N-H), water behaves as the HB
acceptor. An intriguing problem concerns the path-
ways that molecular systems follow during their ther-
modynamical evolution, for example, in the folding-
unfolding process of proteins [6]. In particular, the
free-energy landscape model is nowadays the most
used to describe such phenomena and especially the
way in which proteins fold to their native state and
then unfold (protein denaturation) [6, 8]. In com-
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plex materials and systems, this model is a "map-
ping” of all possible thermodynamical configurations
in which the free-energy surface exhibits a number of
local minima separated by barriers. In protein fold-
ing, a protein can theoretically exist in an infinite
number of conformations along its energy landscape;
in reality proteins fold (or "relax”) into structures
that possess the lowest possible free energy. The key
concept in the energy landscape approach to pro-
tein folding is the folding funnel hypothesis [6, 8].
This model assumes that the native state of the pro-
tein corresponds to its free energy minimum and it
is closely related to the hydrophobicity of the sys-
tem. In fact, the reduction of the number of hy-
drophobic side chains exposed to water is the princi-
pal driving force behind the folding process. Indeed,
hydrophobicity keeps a protein stable and biologi-
cally active, because it allows proteins to decrease
their exposed surface and to reduce the undesirable
interactions with water. In the folding funnel theory,
there is an ”intermediate” state between unfolded
and folded protein, the molten globule state. This
state is recognized as an ensemble of folding interme-
diates in which hydrophobic breakdown has occurred
but many native contacts, or close residue-residue in-
teractions represented in the native state, have yet
to form. In this model the depth of the well repre-
sents the energetic stabilization of the native state
versus the denatured state, instead its width indi-
cates the conformational entropy of the system. Re-
lated to this, in ref. [6] the properties of lysozyme
hydrophilic and hydrophobic parts have been inves-
tigated in different thermal cycles to obtain an ex-
perimental proof of the folding funnel hypothesis in
the frame of the free-energy landscape model. Fur-
thermore, it has been showed the importance of tem-
perature in these processes and, in particular, of (i)
a "magic temperature”, identified as T*~320K that
signs for water a crossover from a simple to a com-
plex liquid behavior, characterized by the water HB
clustering [9]; and (ii) the denaturation temperature
Tp that corresponds to the temperature above which
the unfolding process of the protein is irreversible.

On the base of these observations, by means of
Nuclear Magnetic Resonance (NMR) measurements,
from the stable water liquid phase to the deeply su-
percooled regime, it is possible to verify how hy-
drophobicity affects the thermodynamical properties
of several complex systems [4-7].

Materials and Methods

The dynamical properties of condensed matter, such
as proteins and water-alcohol systems, have been
studied as a function of different control parameters
(such as temperature T) by means of different ex-
perimental methods. Among the studied samples,
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there are aqueous systems of (i) methanol, CH3OH,
a molecule which consists of a single hydrophilic (OH)
and a single hydrophobic (CH3) groups (as men-
tioned before) [4, 5]; (ii) glycerol, C3HgOs3, a molecule
in which the hydrophilic part consists in three OH
groups and the hydrophobic one in two CHs and one
CH groups [4, 7]; and (iii) lysozyme, a small pro-
tein of 14.4 kDa constituted by 129 amino acid resid-
uals that in the native state has a globular shape
[6, 10, 11].

Nuclear Magnetic Resonance (NMR) spec-
troscopy is based on the physical phenomenon in
which nuclei in a magnetic field, perturbed by a ra-
diation pulse, relax re-emitting an electromagnetic
radiation. This energy is at a specific resonance fre-
quency which depends on the strength of the mag-
netic field and the magnetic properties of the isotope
of the atoms. Indeed, the required perturbing fre-
quency is dependent upon the static magnetic field
(Bop) and the nuclei of observation. The experiments
were performed using a Bruker AVANCE NMR spec-
trometer operating at 700 MHz (Larmor frequency
of hydrogen nuclei) located at the MIFT department
of University of Messina in collaboration with the
italian CNR. In the case of hydrated lysozyme, the
powerful approach known as Magic Angle Spinning
(MAS) technique has been used [6].

Concerning water-alcohol solutions, using both
new and old data from dielectric relaxation spec-
troscopy (DE) and NMR techniques the dynamics
of the water-methanol and water-glycerol mixtures
have been studied to investigate how hydrophobic-
ity can distinguish the properties of such solutions
[4, 5. The measurements focus on DE relaxation
time t, and the NMR self-diffusion coefficient D as
a function of concentration Xy, and temperature in
the range 147 < T < 373K.

Furthermore, NMR spectroscopy has been used
to follow folding (or unfolding) processes in the in-
vestigated water-lysozyme system by probing interac-
tions as they form at the level of individual residues.
NMR studies involve investigation of the equilibrium
conversion between native and denatured states re-
sulting from a protein being subjected, e.g., to heat.
Indeed, the magnetization intensity M; was studied
to investigate the folding process of lysozyme accord-
ing to the following scheme: native state (N) & re-
versible unfolded (intermediate) state (RU) — irre-
versible unfolded (denatured) state (IU); N = RU
— IU. To do this, different heating and cooling cy-
cles have been considered. (i) In cycles A and B the
protein was in the native state and the entire pro-
cess has been studied up to complete denaturation.
In cycle A the hydrated lysozyme was heated from
295 to 365 K and then cooled down to 297 K, and
in cycle B from 296 to 366 K and down to 298 K. In
both the warming and the cooling cycles the spectra
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were measured using steps of AT = 2 K. (ii) Cycle
C operates inside the native N state. (iii) Cycle D
operates inside the N 2 RU — IU region and cycle
E inside the N = RU region. Both last cycles started
at the same heating temperature (310 K), but cycle
D was inverted immediately above Tp at T = 349 K
and the cooling in cycle E was initiated at 343 K (4
K below Tp). To avoid unwanted abrupt T changes,
heating and cooling steps were executed slowly and
were ~20 min in duration. In this way, using thermal
cycles in the range 295 < T < 365 K and following
different trajectories along the protein energy sur-
face, it is possible to observe the evolution pathways
of the hydrophilic (the amide NH) and hydrophobic
(methyl CH3 and methine CH) peptide groups [6].

Discussion

In the context of hydrophobic effect, a special atten-
tion was paid to the role of water in interaction with
amphiphilic molecules, such as alcohol and proteins.

In water-alcohol systems, as shown in refs. [4, 5],
all the data examined indicate that T* is directly
related to the HB network and thus dominates wa-
ter dynamics and strongly affects solution properties.
These properties are the result of methanol and glyc-
erol interactions with water by means of their hy-
drophilic and hydrophobic groups. The difference in
the number of the HB acceptors and donors of the
two alcohol molecules is also relevant. In particu-
lar, the hydrophobicity of water-alcohol systems has
been investigated comparing the relaxation times t,,
of the mixtures with those of the linear behavior of
an ideal mixture at all the studied temperatures and
at different water molar fractions Xy,. It was found
that the HB tetrahedral structure plays a main role in
water-methanol solutions. When the number of wa-
ter molecules exceeds those of methanol (0.7 < Xy
< 0.95), the methanol molecules are individually em-
bedded in a dominant 3D HB tetrahedral water net-
work, and decreasing the temperature increases the
HB relaxation time by many orders of magnitude. In
contrast, in the high T regime, methyl hydrophobic-
ity is the dominant interaction and the HB network
becomes progressively weaker, i.e., above T* water
loses its tetrahedral structure. In contrast to water-
methanol solutions, glycerol-water mixtures are not
dominated by hydrophobicity. Comparing the be-
haviors of the two alcohols reveals that the effect of
the hydrophobic interaction on the transport proper-
ties of the solution is stronger in the methanol/water
solution because there is a limited number of HBs
involved, and the methyl groups dominate when the
HBs become weak.

Besides, the hydrophobic interaction is an im-
portant driving force in the aggregation and fold-
ing processes in proteins. However, the process
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that maintains their stability and functionality is
the hydrophilic interaction [10]. In fact, HBs
formed between hydrophilic protein groups and water
molecules are vital to protein activity. To be precise,
the protein functionality is activated when the hy-
drated biomolecule becomes flexible. For lysozyme
this condition corresponds to an hydration level h =
0.3, for which the protein is surrounded by a certain
quantity of water that forms a monolayer, the first
hydration shell [10]. For this reason, understand-
ing the behavior of water and its interaction with
biomolecules is key to comprehend the essential phe-
nomena that occur in biological processes making life
possible.

The experimental results reported in ref. [6] re-
veal the existence of two significant temperatures for
water and lysozyme systems: the "magic” tempera-
ture T* and the denaturation temperature Tp. The
temperature T*=~ 320K strongly affects protein fold-
ing and identifies a cross-over from a complex and
anomalous fluid (but a good solvent) for T < T* to
a simple fluid (bad solvent) for T > T* [9]. Further-
more, for T > T*, the protein flexibility increases
giving rise to the beginning of the denaturation (un-
folding) due to the decrease of the HBs lifetime. Be-
low a certain temperature, Tp = 346K, even if the
protein is unfolding, it can in principle return to its
native state if the temperature is lowered again. In
this "reversibility interval”, the HB structure of the
protein side chains enables the internal water to im-
pose a persistent folded structure. So, for temper-
ature lower than Tp, the folding/unfolding process
can be reversible. The temperature Tp, in fact, cor-
responds to the temperature above which the denatu-
ration is irreversible. Above Tp there is a decoupling
between water and protein [10, 11]: the strength of
the itneraction sharply decrease and the protein is
no more "slave” of the solvent (but the biomolecule
loses its functionality). The two forms of protein wa-
ter, hydration water and internal water, are essen-
tial in protein folding. In particular, internal water
”drives” the protein structure from a globular con-
figuration to an open, unfolded configuration. This
mechanism involves HBs shared by water, carbonyl
oxygen (C = O) and amidic proton (NH). A com-
parison between the behavior of these three peptide
groups confirms how HBs play a fundamental role
in protein folding. The higher molecular mobility is
caused by the burial effect of the HBs on the hy-
drophobic groups, which is particularly strong in the
case of the methyl groups. In particular, clusters of
hydrophobic residues are formed in the folded pro-
tein and the methine groups are more mobile than the
methyl groups. Finally, the validity of the theoretical
scenario (energy landscape) of a process dominated
by different energetic routes has been confirmed, also
explaining the water role in the protein configuration
stability [6].
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Conclusions

The results of Dr. Vasi’s scientific activity in 2016
were subjects of about 4 publications essentially on
the illustrated topics [4-6, 10] in relevant interna-
tional journals. The research activity involves na-
tional and even international collaborations with
e.g. the “Center for Colloids and Surface Sci-
ence” (CSGI) in Florence, the “Boston University”in
Boston (USA), the “Massachusetts Institute of Tech-
nology”in Cambridge (USA).
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Abstract

This paper deals with an acoustic levitator, which has been engineering designed, optimized and then employed for
performing chemical-physical analysis on levitated water mixtures of Ethylene Glycol. In particular, it is a single-axis
levitator, which enables non-contact positioning and manipulation of solid and liquid samples of diameter between 0.5
and 3.5 mm versus time. Two acoustic transducers, an oscilloscope, an amplifier and a video camera forming the system
that is optimized with a specific room for thermostatically regulating the temperature of the sample at a precise value and
to protect the system from significant air currents, that can destabilize the levitated sample. The designed system allows
to access deeply super-cooled and potentially supersaturated liquids in conditions that avoid heterogeneous nucleation
by a container. Acoustic levitation can be also used for sample preparation of high concentrated mixtures starting
from solutions. It can be used in many fields, especially for high added value products as it occurs, for example, in
pharmaceutics. The experimental set-up can be also integrated by Infra-Red, Raman, Neutron or X-ray spectroscopy
instruments. A significant example of system operation is also reported: levitated water mixtures of Ethylene Glycol
sample, analyzed by an Infra-Red spectrometer. The study shows how this designed and optimized sample holder allows
to follow the drying process versus time and to obtain a gel-like compound characterized by an extended chemical
crosslinking. The obtained experimental findings together with their analysis allow to extract also information on the
concentration values of the levitated systems.

Keywords: Acoustic levitation system, Ethylene Glycol, Infra-Red spectrometer, Sample holder, Drying processes,
Super-cooled liquids. .

Introduction cooled liquids are expected to be more stable. Acous-
tic levitation is used to suspend and manipulate small
drops and solid particles contactless in many appli-
cations fields. The first use of acoustic levitation
dates back to 1933, when Bucks and Muller visualized
acoustic fields throughout alcohol mists and droplets.
Subsequently, in 1985 Barmatz and Collas developed
techniques that use resonant cavities to create regions
that can trap small samples. From a general point of
view, levitation techniques enable to beget an oppos-
ing force to the gravity to keep the sample suspended,
the levitator uses a single transducer and an opposed
reflector to produce a simple interference. The shap-
ing between the transducer and the reflector focuses
the sound field and produces a stronger levitation
force. The system, transducer and reflector, provides
stable levitation but it does not enable manipulation
of the sample. A single-axis levitation system uses in-
stead, two opposed transducers that control the posi-
tion of the sample by electronically adjusting acoustic
phases. The distance between the two transducers is
10 wavelengths. The drive frequency is ultrasonic,
usually from 20 to 70 kHz where the wavelengths are

Sample preparation and experimental investigation
are a critical feature of research and development in
advanced materials, geological systems, biology and
on energy; they can take advantage by the use of
contactless techniques. In particular, levitation tech-
nique eliminates container interactions and reduces
contamination allowing to study samples with an
high degree of control. In general, at high tempera-
tures, reactions with crucibles limit the accessed con-
ditions; while at lower temperatures, heterogeneous
nucleation by containers limits the ability to super-
cool liquids below their equilibrium melting point or
to make supersaturated solutions. In general, con-
tainer less techniques are used to study materials
such as molten oxides, liquid metals and alloys, and
glasses at high temperatures [1]. By eliminating con-
tact with container walls, sources of extraneous nu-
cleation are kept away and it becomes possible to
cool liquids to a large extent below their equilibrium
melting point; moreover, due to the lower percent-
age of heterogeneous nucleation sites, levitated super-
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5+17 mm in air at room temperature. Modulation of
the acoustic force can induce oscillations in low vis-
cosity liquids by sequentially compressing and relax-
ing a levitated drop. In a two-transducer interference
levitator, modulation can be achieved by systemati-
cally varying the power delivered to the transducers.
In addition, adjusting the relative phase of the two
transducers enables the levitated object to be moved
along the axis of the levitator. In the present work
an acoustic levitator, enables non-contact positioning
and manipulation of solid and liquid samples of diam-
eter between 0.5 and 3.5 mm versus time, was engi-
neering designed, optimized and was performed phys-
ical analysis. Then an example of system operation
was reported. The study on levitated water mixtures
of Ethylene Glycol sample, analyzed by an Infra-Red
spectrometer, showed how this designed and opti-
mized sample holder allows to follow the drying pro-
cess versus time and to obtain a gel-like compound
characterized by an extended chemical crosslinking.
Data analysis allowed to extract also information on
the concentration values of the levitated systems.

Engineering design of the
system and physical analysis

In an acoustic levitator, see figure la, an acoustic
wave that is generated by a piezoelectric crystal is
reflected creating a standing wave when the distance
between transducer and reflector is an integral multi-
ple of the half wavelength. Pressure nodes and anti-
nodes appear at fixed points separated by a distance
of A/2. Small liquid samples can be levitated near
the pressure nodes.

F;

Figure 1: a) Sound pressure and sound particle ve-
locity in a standing acoustic wave, b)Radial and azial
levitation forces.

The levitation forces have influence on the droplet
shape. While the axial forces are mainly responsible
for compensating the gravitational force, the radial
forces hold the sample in the pressure node. The ax-
ial and radial levitation forces lead to a deformation
of the sample as shown in figure 1b.

The designed system was formed by three main com-
ponent represented by the levitation apparatus, the
ultrasonic power amplifier, and the acoustic con-
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troller circuit:

e The levitation apparatus used two transduc-
ers, on a rigid vertical support of 38 mm of
diameter that was bolted to an optical bread-
board, mounted facing each other along a ver-
tical axis. The transducers were mounted in
aluminum tubes, using two split ring clamps
that were fastened around the motor and lower
part of the horn, respectively, and were located
on a metal stand. They operate at a frequency
of 22 kHz and can produce sound pressure lev-
els produced is not exceeding to 160 dB. The
horn of the transducer was firmly fixed to a
piezoelectric motor, formed by four lead zirco-
nium titanate disks sandwiched between two
cylindrical aluminum stubs, and the conduc-
tive electrodes were placed between the piezo-
electric disks to drive them in parallel, in or-
der to energize the motor. The lower trans-
ducer was fixed, while the upper one could be
moved to adjust the separation and precisely
align the components. Two acoustic absorbing
foam disks of diameter about 50 mm were glued
onto the face of the transducer horns to reduce
unwanted reflections that can cause instabilities
in the levitated sample

e The ultrasonic power amplifier was the capac-
itive load of the two transducers, that varies
with frequency (minimum ~ 70{2at resonance).
The power supply was formed by a push-pull
amplifier and a matching transformer and the
power output transistors was powered from a
440 V rail. There was a series resistor of 1 {2
value, that enable the current supplied to the
transducer to be measured with an oscilloscope.
The levitation system required 125 V ac and 10
A electric power. The amplifier was connected
to the transducers using a shielded twisted pair
cable

e The acoustic controller circuit provides the
drive signal to the ultrasonic power amplifier,
hooks the resonant frequency of the transduc-
ers with a phase lock loop and maintains near
zero the phase angle between the drive current
and voltage. It also enables control of the drive
power, relative phase between the transducers,
balance of drive power to the transducers, and
modulation of the acoustic power. The circuit
was printed on a card, housed in a rack-mount
chassis together with the power supply and the
conditioning hardware. The acoustic controller
circuit allowed manual adjustment of the acous-
tic drive signal, relative phases of the power
supplied to each transducer and the amplitude.
The modulation was accomplished throughout
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an external signal generator, connected to the
controller.

The modulation signal was a sine wave. The
levitator was set up on a flat horizontal surface in
a specific room for thermostatically regulating the
temperature of the sample at a precise value and
to protect the system from significant air currents,
that can destabilize the levitated sample. The power
supply the voltage to current phase to the transduc-
ers was adjusted, so to be in phase. In this way,
will be present the maximum acoustic output for the
drive power and reduced heating of the transduc-
ers that leads to a drift in frequency. An oscillo-
scope monitored the current signals from the ampli-
fier and the frequency of the phase lock loop was
set as a compromise between the resonant frequen-
cies of the two transducers. The relative phase of
the two transducers was adjusted in order to con-
trol the vertical position of the sample and the bal-
ance control was adjusted to achieve similar drive
signal levels to both the transducers. The voltage-
to-current phase was automatically maintained near-
resonant frequency operation by the phase lock loop.
The movable transducer was also adjusted slightly
to determine the most stable levitation conditions.
The acoustic power, phase, and balance were finely
adjusted to achieve the most stable levitation. In fig-
ure 2 the acoustic levitator technical parameters are
reported.

Frame and levitator system | 1 oo

dimensions

60x45x20cm

Total weight 30K

100/120V 60 Hz, 15A
Electrical specifications =
230V 50/60 Hz, 15A

iominal resonant .
iency

z

Sound pressure levels 16048

Transducers distance 150mm

Figure 2: Acoustic levitator technical parameters.

A 30 Hz frame rate video camera equipped with
a macro lens was focused onto the sample position
so that an image of the levitated sample could be
observed and recorded in a Toughbook pc, to con-
tinuously monitor the levitated sample. The whole
system is optimized with a specific room to ther-
mostat the temperature of the sample at a precise
value. Samples are introduced into the sound field
using a micropipette injection and can be translated
by adjusting the phase between the transducers or
squeezed by modulating the acoustic levels with vari-
able frequencies. The acoustic levitator can be oper-
ated in conjunction with Infra-Red, Raman, Neutron

69

or X-ray spectroscopy to study materials in-situ. In
this case, it is coupled with an Infra-Red spectrom-
eter. A FTIR Vertex 70 v by Bruker Optics spec-
trometer was employed to collect absorption spectra.
Each spectrum is composed by 128 runs, which fur-
nish a spectral resolution of 4 cm-1. Spectra correc-
tions for atmospheric water background, baseline and
area normalization were performed. OPUS/Mentor
software interface was used to process data. The first
line of figure 3 shows a sequence of images of drops
levitated with increasing acoustic force. The vertical
position of the levitated drop could be adjusted over
a distance of about 7 mm by changing the relative
phase of the transducer drive signals. Experiments
using drop modulation showed the feasibility of in-
ducing oscillation in liquids. The other lines of figure
3 shows, instead, the images of water drops excited
with a sinusoidal variation in acoustic force, obtained
using a shutter speed of 1/200 s. The images of lev-
itated samples were selected to show representative
drop shapes. It was found that a small amplitude
modulation at a frequency of about 20 Hz resulted in
very stable levitation of 3 mm diameter water drops.
At certain frequencies, the magnitude of the drop
oscillation increased markedly as resonant frequen-
cies were excited. The maximum amplitude occurred
over a frequency range of about 5 Hz and outside this
range, the drops were quiescent.

Figure 3: Levitated EG miztures drops excited by
varying the acoustic forces using a sine wave func-
tion (first line) and images of levitated water drops
excited by varying the acoustic forces using a sine
wave function.

After approximately 1 h of operation at constant
power, the transducer temperature stabilized and
their subsequent performance remained practically
unchanged over long periods of time. The phase lock
loop controller in the acoustic power supply main-
tained operation at resonance during warm up and
once the temperature had stabilized.

Results and Discussion
An example of system operation was reported. In

particular, Ethylene Glycol (EG), manufactured by
Aldrich-Chemie and double-distilled water were used
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in this study [2]- [3]. The solutions were prepared by
mass, using an analytical balance with +0.01mg ac-
curacy. The surface tension measurements were car-
ried out using a standard thermostated stalagmome-
ter, which was calibrated with distilled water (o=
72.8 mN/m at T = 20°C). A constant temperature
water bath was used to control the temperature of the
solutions to an accuracy of + 0.1°C. Measurements
for each solution were repeated four times. Ancillary
density measurements were performed by standard
pycnometer technique. The surface tension of a lig-
uid mixture is an important property, which plays an
important role in affecting the mass and heat transfer
at the interface. In the chemical field applications, it
determines the product quality (i.e. coatings, paints,
detergents, cosmetics and agrochemicals) and affects
different production processes such as catalysis, ab-
sorption, distillation and extraction. Measured sur-
face tensions of pure EG as a function of temperature
and of water mixtures at T=25°C show that the sur-
face tension of pure EG decreases linearly with the
temperature and in a quadratic way with concentra-
tion. It may be suggested that the presence of exten-
sive intermolecular H-bonding between EG molecules
and EG and water molecules could be responsible for
decreasing surface tension with increasing tempera-
ture and EG concentration.

In figure 4 the InfraRed absorbance spectra of lev-
itated EG, in aqueous solutions at T=20°C for the
initial concentration value of ¢ = 0.50 as a function
of time are reported, i.e. at 15m, 30m, 45m and 60m.
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Figure 4: IR absorbance spectra of levitated EG aque-
ous solutions at T=20° C for the concentration values
¢ = 0.50 as a function of time, i.e. 15m, 30m, 45m
and 60m.

In figure 5a the OH stretching contribution area
of non levitated aqueous solutions at T=20°C are re-
ported. As it can be seen the intensity of the OH
stretching contribution decreases with the increas-
ing of the EG concentration and in figure 5b the
OH stretching contribution area of levitated aque-
ous solutions at T=20°C are reported as a function
of time. As it can be seen from figure 4, the intensity
of the OH stretching contribution decreases with the
increasing of the levitation time reaching a plateau
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value after 60 minutes. From the comparison be-
tween the data reported in figures 4a and 4b one can
infer that the concentration value is 0.647 after 15m,
0.787 after 30m, 0.918 after 45m and 0,953 after 60m

Levitated EG/H,0 mixtures
T=20°C

Non-levitated EG/H,0 mixtures
120 T=20°C

Figure 5: a) O-H streching area of IR absorbance
spectra of levitated EG aqueous solutions at T=20°C
for the concentration values ¢ = 0.50 as a function
of time; b) O-H streching area of absorbance multi-
ple spectra of non-levitated EG aqueous solutions at

T=20°C.

Conclusions

In the present paper, the acoustic levitation tech-
nique has been used in combination with InfraRed
spectroscopy to collect data on levitated water mix-
tures of EG in a wide concentration range; the study
also includes ancillary surface tension and density
data determinations. The obtained experimental
findings together with their analysis allow to extract
information on the concentration values of the lev-
itated systems. Acoustic levitation can stably levi-
tate 1 - 3 mm diameter drops of water and aqueous
solutions. This provides a means to access deeply su-
percooled and potentially supersaturated liquids in
conditions that avoid heterogeneous nucleation by a
container
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Abstract

The attention towards environmental issues is today stimulated by a significant increasing of extreme weather events.

The scientific and socio-political interest about phenomena such as flash floods, strong winds and storm surges has grown

as a result of the impact caused on the daily life. Just to mention a few, landslides, mudslides, damage of buildings, loss

of cultivations and in the most tragic circumstances, loss of human lives. In this work the global warming effects on a

local scale, with specific reference to the frequency increase of extreme weather events are dealt. In this framework the
most important findings obtained by using the WRF model (specially configured for Sicily) which allowed to analyze as
a study case the flood that struck Messina on 10th October 2015 are reported. Furthermore an innovative monitoring

system for the prevention of weather connected territory injuries is described.

Keywords: weather forecast, Interfacing Weather station-Arduino YUN, WRF model, heavy rain, extreme weather

events, complex horography.

Introduction

The global climate changes and their impact on
global scale represent one of most important issues
nowadays. In recently years, the understanding of
the climate changes, through the studies of ice ages
and interglacial ages have intrigued many scientists
and researchers. Studying the last million years, a
periodicity ranging between 40 and 100 thousand of
years for an average temperature fluctuation of 10 K
has been found. Assuming the average temperature
of the Earth as a fundamental variable and disregard-
ing the contribution of the atmosphere, through the
global energy balance theory we have:

dT
CE:Pin_aPin_Pout

where C' is the heat capacity of the Earth, and P;,
is the incoming radiation given by Pj, = mR2S. Py,
it is independent on Earths temperature but affected
by the time as function of astronomical modulations.
In the last relation, S ~ 1370Wm~2, is the solar con-
stant and 7 R? represents the surface perpendicular to
the solar rays. P,y is the emitted radiation by the
surface of the Earth estimated through the Stefan-
Boltzmann law for the black body at T tempera-
ture: P,y = 41R%20T* (00 ~ 567107 8Wm 2K 4
Stefan-Boltzmann constant). Finally, « is the aver-
age albedo of the Earth (typically of the order to 0.3).
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The climatic fluctuations are related with the astro-
nomical variations of the terrestrial orbit (cycles of
Milankovitch), but at global level, the variations of
insolation alone cannot explain the variation of 10 K
observed in climate data. Therefore, an amplification
mechanism to move from small solar modulation to
the great climate change, is to be taken into account.
According to G. Parisi et al. [1], this mechanism is
governed by positive feedback induced in the albedo.
A further amplification is due to stochastic resonance
induced by the weather fluctuations. When treat-
ing with physical phenomena that involve variables
with different time scales, it is possible to consider
the faster ones as perturbations acting on the slower.
Climate changes such as the global warming, are im-
portant not only from a scientific point of view. They
can have implications also in social, economic and
political environments. In fact, on December 2015
(Paris) at the United Nations conference on climate
change (COP21) has been decided that before the
end of century the global warming must be kept less
of 2°C'. During this meeting was discussed about
the area known as Stretto di Messina which is one
of most interesting area from climate point of view.
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Figure 1: The image shows the circulation of water
masses in the Strait of Messina.

Its complex orography, the clash between the Ionian
and Tyrrhenian seas, which have completely different
kinds of salinity, temperature and density but also
the exposure to winds both from northern quadrants
and southeast, make this area among the most unsta-
ble of the world. Further, statistically this area is in-
terested by extreme weather events which often pro-
duce considerable property damage and sometimes
loss of human lives.

Analysis of pluviometric
accumulations in Sicily from
2002 to 2014

On the first semester of 2016 (January - February)
has been registered a new negative record. In partic-
ular, this period results as the most warm ever reg-
istered (NOAA: National Oceanic and Atmospheric
Admanistration).

A study carried out by SIAS [2] (Sicilian Agrome-
teorological Information Service) (2010) shows that
between 1921 and 2001 years there was a decreasing
of the average trend of about 19mm/decade on the
pluviometric accumulations on Sicily. The analysis
of pluviometric accumulations of about 150 weather
stations (SIAS) placed around the whole region of
Sicily (related to the years 2002-2014) show that in
2002 there was a pluviometric average far below the
values calculated on thirty-year basis. In particular
between 2003 to 2014, except for 2008, there was an
increasing of the pluviometric averages of Sicily.
The increase of both global and superficial tem-
peratures of our seas, provides an excess of ther-
mal energy (especially on the lower layers) that
improve the magnitude of convective system mak-
ing more likely the formation of extreme weather
phenomena such as heavy rainfall. These are the
causes related to the trend pluviometric inversion.
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Figure 2: Sicilian annual average rainfall obtained
through provinces average. Blue dots: values of an-
nual average precipitation in Sicily; magenta contin-
wous line: Sicilian climate average of the last thirty
years

Development of a monitoring
system for Meteorological
Extreme Events

The significant increasing at regional level of ex-
treme weather phenomena [3] generates public con-
cerns. It is well know that phenomena such as flash
floods, strong winds and storm surges can have im-
pact on everyday life. The question is: is it possi-
ble to avoid the heavy damage related to these kinds
of events? Through the accurate study of physical
causes (e.g. analysis of thermodynamics variables
and evaluation of the atmosphere dynamics) and a
good knowledge of the local orography, it is possi-
ble to gain insights on the weather conditions[4] that
can increase the risk of extreme phenomena. Fur-
ther, for the purpose of a good nowcasting activ-
ity (very short-term forecasting, up to a few hours)
it is important to improve the detection networks
of the interesting areas, making them the most dif-
fused as possible and by endowing the individual
stations of the most advanced technology useful for
the transmission of real-time data. In this way,
weather stations placed in strategic places (such as
river sources whether we want to monitor for exam-
ple high pluviometric accumulations, strong winds,
etc..) can be interface with the institution created to
promptly activate the alert procedure for the popu-
lation. In this direction, through the collaborations
with SmartME project (university initiative, spon-
sored by the city of Messina with the operational
support of academic spinoff DHLab and coordinated



