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Camerino, 28 September 2018

Dear Colleagues,

I am happy and proud to present the 6
th

edition of the S
ienti�
 Day of the S
hool

of S
ien
e and Te
hnology (SST) of the University of Camerino. This booklet 
ontains

an unavoidably in
omplete 
olle
tion of the wide and diverse resear
h a
tivity 
arried out

within the S
hool I have the honor to lead.

Our SST is a unique environment in whi
h the �ve Divisions - Chemistry, Computer

S
ien
e, Geology, Mathemati
s, and Physi
s - organize and stimulate 
ross-dis
iplinary and

multidis
iplinary resear
h a
tivities.

Postdo
, PhD students, and young resear
hers are the protagonists in the S
ienti�


Day and I �rmly believe they will be the driving for
e in 
ontinuing our tradition of a

lively s
ienti�
 debate and 
ross-fertilization among di�erent areas and resear
h �elds. The

a
tivities presented during the S
ienti�
 Day will also provide a wide spe
trum of resear
h

approa
hes, ranging from so
ietal appli
ation - frequently 
arried out in 
lose 
ollaboration

with 
ompanies and lo
al institutions- to fundamental s
ien
e 
hallenges, often organized in


ollaboration with the most prestigious international institutions.

The 6
th

S
ienti�
 Day edition is the �rst after the O
tober 2016 earthquake. For this

reason, it will also be the �rst edition not to take pla
e in the stunning Du
al Pala
e four-

sided porti
o. Our S
hool, together with the whole University, has promptly responded to

this terrible event: this S
ienti�
 Day represents one of the many examples of how we will


ontinue to strengthen the University of Camerino's 
entennial tradition as a leading 
enter

for S
ien
e and Culture.

The Dean of the SST

David Vitali
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Design, synthesis, rea
tivity, biologi
al and


atalyti
 appli
ations of fun
tionalized

bis(pyrazolyl)a
etate 
opper 
omplexes

Bagnarelli L.

1
, Lu
iani L.

1
, Romagnoli M.

1
, Del Bello F.

2
, Quaglia W.

2
, Cimarelli C.

1
,

Gabrielli S.

1
, Santini C.

1
, Pellei M.

1

1
S
hool of S
ien
e and Te
hnology, Chemistry Division, University of Camerino, Via S. Agostino 1, 62032

Camerino; e-mail: lu
a.bagnarelli�studenti.uni
am.it

2
S
hool of Pharma
y, University of Camerino, Via S. Agostino 1, 62032 Camerino

Bis(azol-1-yl)
arboxyli
 a
ids are 
onvenient starting materials for the synthesis of neu-

tral heteros
orpionate systems based on bis(azol-1-yl)methane linked by a
etate, a
etamide

or thioa
etamide moieties. Re
ently, we have fo
used the resear
h work on the develop-

ment of two bis(pyrazol-1-yl)a
etates, [HC(COOH)(pz)2℄ (LH) and [HC(COOH)(pz

Me2
)2℄

(L

2
H) and the related analogues esteri�ed with several al
ohols su
h as methanol, ethanol,

isopropanol and hexanol. All ligands have been used to obtain the 
opper(II) 
omplexes

starting from Cu(II) a

eptors and to synthesize the related Cu(I) 
omplexes by rea
tion of

Cu(CH3CN)4PF6 and 1,3,5-triaza-7- phosphaadamantane (PTA), tris(hydroxymethyl) phos-

phine (thp) and triphenylphosphine (PPh3) with LH and L

2
H ligands in a
etonitrile solution.

In addition, based on the observation that 
opper nitroimidazole 
onjugates have re
ently

shown additive or synergisti
 sele
tivity for tumor hypoxia 
ompared to their individual


omponents,

1
Cu(I) and Cu(II) 
omplexes of 5-nitroimidazole 
onjugated heteros
orpionate

ligands have been prepared. The new ligands L

MN
and L

2MN
have been synthesized by

dire
t 
oupling of preformed side 
hain a
ids LH and L

2
H with 5-nitroimidazole and their


oordination 
hemistry has been investigated towards Cu(I/II) a

eptors.

2
Finally, LH and

L

2
H have been bio
onjugated with the NMDA re
eptor antagonist (±)-(6,6-diphenyl-1,4-

dioxan-2- yl)methanamine and the resulting ligands have been used to synthesize the related


opper derivatives, potentially a
ting through synergisti
 me
hanisms of a
tion due to the

presen
e of the NMDA ligand and 
opper in the same 
hemi
al entity.3 Several new 
opper


omplexes as well as the 
orresponding un
oordinated ligands were evaluated for their 
y-

totoxi
 a
tivity against 2D monolayer 
ultures of multiple human 
an
er 
ell lines and the

most promising derivatives also against 3D-
ultured HCT-15 
olon 
an
er spheroids. The

investigation of their 
atalyti
 a
tivity in the radi
al allyli
 oxidation of ole�ns, using the

Kharas
h-Sosnovsky rea
tion, is also in progress.

Referen
es

1. Santini, C.; Pellei, M.; Gandin, V.; Por
hia, M.; Tisato F. and Marzano C. Chem.

Rev., 2014, 114, 815-862.

2. Pellei, M.; Gandin, V.; Cimarelli, C.; Quaglia, W.; Mos
a, N.; Bagnarelli, L.; Marzano,

C. and Santini, C. J. Inorg. Bio
hem. 2018, 187, 33-40.

3. Morelli M. B.; Amantini, C.; Santoni, G.; Pellei, M.; Santini, C.; Cimarelli, C.; Mar-


antoni, E.; Petrini, M.; Del Bello, F.; Giorgioni, G.; Piergentili A. and Quaglia W.

New J. Chem. 2018, 42, 11878-11887.
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Investigation on the method to quantify

to
opherols in vegetable food matri
es

Boarelli M.C.

1
, De Noia F.

1
, Giardinieri A.

2
, Pa
etti D.

1
, Fiorini D.

2

1
S
hool of S
ien
e and Te
hnology, Chemistry Division, University of Camerino, Via S. Agostino 1, 62032

Camerino (Italy); e-mail: maria
hiara.boarelli, dennis.�orini�uni
am.it, federi
a.denoia�studenti.uni
am.it

2
Department of Agri
ultural, Food, and Environmental S
ien
es, Polyte
hni
 University of Mar
he, Via

Bre

e Bian
he, 60131, An
ona (Italy); e-mail: giardinierialessandra�gmail.
om, d.pa
etti�sta�.univpm.it

Vitamin E is a term used for a family of 
ompounds that are mainly represented by

to
opherols (α, beta, γ and δ), and to
otrienols, 
ompounds naturally present in plants and

in their produ
ts. They belong to the group of fat-soluble vitamins and α-to
opherol is the

most biologi
ally a
tive form of vitamin E.

1

Due to their hydrophobi
 
hara
teristi
s, vitamin E 
ompounds are 
losely asso
iated

with lipids in food and they have the essential role of prote
ting unsaturated lipids from

oxidation, preserving them in biologi
al systems and in foods.

2

The obje
tive of this resear
h work was to determine the 
ontent of to
opherols (α, beta, γ

and δ) in several vegetable food matri
es (i.e. 
o�ee powder and vegetable oils) and espe-


ially to assess and 
ompare di�erent sample preparation methods by analyzing the lipid

extra
t as su
h or its isolated unsaponi�able matter through normal-phase high performan
e

liquid 
hromatography (NP-HPLC). It was also assessed the possible role of the atmosphere


omposition during the saponi�
ation rea
tion by 
arrying out the rea
tion under inert at-

mosphere (nitrogen) or not. Pyrogallol and 2,2,5,7,8-pentamethyl-6-
hromanol were used

respe
tively as anti-oxidant and internal standard.

A �uores
en
e dete
tor 
oupled to NP-HPLC was used to identify and quantify these

mole
ules, after their separation, taking advantage of spe
i�
 emission wavelengths of to
o-

pherols. Preliminary results will be presented and dis
ussed.

Referen
es

1. Tavares, K.M.; Ribeiro Lima, A.; Nunes, C.A.; Silva, V.A.; Mendes, E.; Casal, S.;

Pereira Alvarenga, G.F.; Food Control 2016, 70, 318-324.

2. Pereira Souza, A.H; Gohara, A.K.; Rodrigues, C.A.; Ströher, G.L.; Silva, D.C.; Visen-

tainer, J.V.; Souza, N.E.; Matsushita, M.; Food Chemistry 2014, 158, 315-318.
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Improved method to quantify squalene in extra

virgin olive oil

Boarelli M.C.

1
, Piras S.

1
, Molle A.

2
, Saussez C.

2
, Fiorini D.

1

1
S
hool of S
ien
e and Te
hnology, Chemistry Division, University of Camerino, Via S. Agostino 1, 62032

Camerino (Italy), e-mail:maria
hiara.boarelli, dennis.�orini�uni
am.it; sara.piras�studenti.uni
am.it;

2
S
hool of Engineers, Haute É
ole Louvain en Hainaut - CERISIC, Chaussée de Bin
he 159, 7000 Mons,

Belgium, e-mail: arnaud.molle1�gmail.
om; saussez
�helha.be

Squalene is a triterpene having several interesting properties, e.g., it is an antioxidant,

it has anti
an
er a
tivities and it in
reases immune response in va

ine administration.

1−3

The present work was aimed to develop and validate a rapid and e�
ient method to

quantify squalene in olive oil (one of the ri
hest food sour
es of squalene), by gas 
hro-

matography 
oupled with �ame ionization dete
tor (GC-FID) and to apply the method to

determine squalene 
ontent in extra virgin olive oils (EVOOs) from Mar
he Region (Italy)

and to EVOOs from large s
ale distribution retail.

The developed method makes use of a transmethylation of the oil sample in order to

allow the GC analysis of squalene together with fatty a
id methyl esters, thus avoiding the

separation of squalene from saponi�able fra
tion. The optimized 
onditions allow to perform

the analysis with high sensitivity, short time and with instruments and materials usually

available in most of the laboratories. The proposed method was validated by determining

linearity, repeatability, reprodu
ibility, re
overy at three forti�
ation levels, limit of dete
tion

and limit of quanti�
ation.

Results from the method validation and from the appli
ation of the method to ni
he

EVOOs and to EVOOs from large s
ale distribution retail will be presented.

Referen
es

1. Psomiadou, E.; Tsimidou, M. Journal Agri
oltural Food Chemistry 1999, 47, 4025-

4032.

2. Rao, C.V.; Newmark, H.L.; Reddy, B.S. Car
inogenesis 1998, 19, 287-290.

3. Se-Kwon, K. Karadeniz, F. Advan
es in Food and Nutrition Resear
h 2012, 65, 223-

233.
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Development of a rapid and reliable method for

short 
hain fatty a
ids extra
tion and analysis

Boarelli M.C.

1
, Martello L.

1
, Con
ettoni E.

1
, Fiorini D.

1

1
S
hool of S
ien
e and Te
hnology, Chemistry Division, University of Camerino, Via S. Agostino 1, 62032

Camerino (Italy); e-mail: maria
hiara.boarelli, dennis.�orini�uni
am.it; lorenzo.martello,

erika.
on
ettoni�studenti.uni
am.it;

Short 
hain fatty a
ids (SCFAs) are the main produ
ts together with 
arbon dioxide,

methane, hydrogen and heat, that derive from the ba
terial fermentation of polysa

ha-

rides, oligosa

harides, proteins, peptides and gly
oproteins pre
ursors in the 
olon.

1
Their

determination is useful in many �elds of resear
h, sin
e they have 
urrently attra
ted mu
h


onsideration be
ause of their bene�
ial physiologi
al e�e
ts. For example SCFAs 
an posi-

tively 
hange the 
omposition of the intestinal �ora

2
and they have been asso
iated with re-

du
ed risk of some diseases like irritable bowel syndrome, 
ardiovas
ular disease and 
an
er.

1

The aim of this study was to develop a rapid and reliable method to extra
t and quan-

tify these analytes (a
eti
 a
id, propioni
 a
id, butyri
 and isobutyri
 a
id) from di�erent

biologi
al samples, i.e. rat fe
es and fermentation �uids.

Brie�y, the homogenized samples are a
idi�ed with sulphuri
 a
id, added with an inter-

nal standard and extra
ted several times with ethyl ether. The obtained ether solution is

analyzed by dire
t inje
tion in splitless mode using gas-
hromatography 
oupled to �ame

ionization dete
tor (GC-FID). The method is simple, versatile and sensitive and 
ompared

to other pro
edures e.g. involving solid phase mi
ro-extra
tion

3
, it is qui
ker and more

pre
ise.

The method was validated assessing linearity, interday and intraday repeatibility, re
ov-

ery, limit of dete
tion and limit of quanti�
ation with satisfa
tory results.
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The treatment of tannery wastewaters has been the subje
t of many studies throughout

the years due to the 
omplexity of the waste: a mixture of several pollutants, both anioni


and 
ationi
 as well as organi
 ma
romole
ules whi
h are very hard to dispose all together

1
.

Geopolymers are a 
lass of inorgani
 binders obtained by alkali a
tivation of aluminosili
ate

powders at room temperature

2
. The geopolymerization pro
ess leads to a 
ement like matrix

that transforms the hazardous waste into inert material, in
luding Cr

3+
, SO4

2−
, Cl

−
and

H2S. In this work we make use of two di�erent matrixes, one metakaolin3 and one un�red


lay, to asses their possible use in an industrial environment.

Lea
hing tests were performed after 28 days and after 3 months of 
onsolidation showing

no lea
hing and 
on�rming the su

essful inertization.
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The synthesis and the 
omplete stru
tural and ele
tro
hemi
al 
hara
terization of a

Si/V2O5 nanosheets

1
nano
omposite, as anode material for Li-ion batteries, are here re-

ported. This approa
h, aimed at mitigating morphologi
al instability issues 
ommonly

plaguing Si-based anodes, 
onsists in wrapping sili
on nanoparti
les in V2O5 nanosheets

prepared by a simple and dire
t rea
tion between H2O2 and 
rystalline V2O5 (
-V2O5)
2
.

The ele
trode pro
essing involves the use of the alternative binder Polya
ryli
 A
id (PAA)

and ethanol as solvent

3
. In addition to the non-toxi
ity of the used solvent, this binder

system provides better me
hani
al stability to the ele
trode. The ele
trolyte formulation

has been evaluated, by using Vinylene Carbonate (VC) as redu
tion-type additive, in order

to maximize 
y
ling stability and performan
es. Preliminary results report spe
i�
 
apa
-

ities of 932 mAh g

−1
and 759 mAh g

−1
after 50 
y
les at 500 mA g

−1
and 1000 mA g

−1
,

respe
tively.
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Transition metal oxide (TMOs) are alternative 
andidate anode materials 
hara
terized

by low-
ost, environmental benignity, and high theoreti
al spe
i�
 
apa
ities

1
. Despite

this, TMOs are plagued by 
riti
al volume expansion during 
harge/dis
harge 
y
les, whi
h


ompromise ele
trode perfoman
es and safety

2
. Developing tailored material morphologies

together with an optimized ele
trode pro
essing 
ould help to minimize this phenomenon.

In this work, Fe2O3nanoparti
les have been synthesized using vanillin as soft templating

agent and morphologi
ally, stru
turally and ele
tro
hemi
ally 
hara
terized. Furthermore,

a Polya
ryli
 A
id/Ethanol binder system was used instead of the traditional Polyvinylidene

Fluoride/N-Methyl-2-pyrrolidone binder system, whi
h is toxi
 and expensive. This material

showed ex
ellent rate 
apabilities and a remarkable gravimetri
 
apa
ity of 700 mAh g

−1
after

250 
y
les at 500 mA g

−1
spe
i�
 
urrent.
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β-Nitroa
rylates 
onstitute a 
lass of ele
tron-poor alkenes bonding two ele
tron-withdrawing

group in α- and β-positions. The presen
e of these two fun
tionalities makes their 
hemi
al

behavior more fas
inating with respe
t to the 
onventional 
onjugated nitroole�ns and β-

nitroa
rylates valuable pre
ursors of a plethora of highly fun
tionalized materials.

1,2
In this


ontext, our resear
h group has re
ently investigated their appli
ation as pre
ious building

blo
ks of key hetero
y
li
 derivatives su
h as pyrroles, thiophenes, indoles, quinolines, fu-

rans (Figure 1), 
ores of a wide number of biologi
al a
tive mole
ules present in the 59%

of small-mole
ules drugs (U.S. FDA).

3
Signi�
ant syntheti
 results will be des
ribed in the

poster.
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Hard-
arbon (non-graphitized 
arbon) is 
onsidered as one of the most promising anode

materials for both lithium-ion batteries (LIBs) and Sodium-ion batteries (SIBs) due to its low


ost and high theoreti
al 
apa
ity.

1
A unique feature of this material is its simple synthesis

from low 
ost natural materials, also in
luding food waste su
h as apple peels and olive leaves.

However, the development of novel syntheti
 routes to meet the required properties is still a


hallenge.

2
In the present study, various samples of hard Carbon were synthesized through


hemi
al a
id a
tivation of various natural materials.

3
The nanostru
tures are studied by

X-ray di�ra
tion (XRD), Raman spe
tros
opy and s
anning ele
tron mi
ros
opy (SEM)

methods. The lithium/sodium inter
alation 
apabilities of various 
arbon materials have

been 
ompared based on their ele
tro
hemi
al performan
e.

The highest initial 
apa
ity of apple peel derived produ
t as LIB and NIB (at 1C) were

395 and 350 mAhg

−1
, respe
tively. For NIB, olive leaves derived materials deliver a retained


apa
ity of 100 mAhg

−1
after 350 
y
les at 1 C, and for LIB, materials show high spe
i�



apa
ity of 500 mAhg-1 at 1C. The good ele
tro
hemi
al performan
e indi
ates that this low-


ost hard 
arbon 
ould be a promising material for dual fun
tional batteries. Additionally,

the sodium-ion storage behavior of HC is deeply analyzed using galvanostati
 intermittent

titration and 
y
li
 voltammetry te
hnologies.
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Nanote
hnology is an emerging approa
h to develop e�
ient and enhan
ed batteries

in
luding the most popular lithium-ion ones. The importan
e of 
athode materials in

LIBs are tremendous sin
e the LIBs are still 
athode limited in design and useful 
apa
-

ity. LiNi0.33Co0.33Mn0.33O2 have been used for years in lithium ion batteries for stable and

high energy density 
athodes.

1,2

In this study, we have developed a fa
ile approa
h for the synthesis of 
athode materials

with enhan
ed properties to improve ele
tro
hemi
al performan
es of LIBs. Prospe
tive


athode materials NMC for a lithium-ion batteries were su

essfully synthesized through a

novel syntheti
 method in
luding a 
itri
 a
id-assisted sol-gel pro
essing followed by dry-

ing and 
al
ination at di�erent temperatures.

3,4
The surfa
e morphology was 
hara
ter-

ized by s
anning ele
tron mi
ros
opy (SEM). The phase and stru
ture of the nanostru
-

tures were revealed by X-ray di�ra
tion spe
tros
opy (XRD). The ele
tro
hemi
al proper-

ties were also studied. As determined by galvanostati
 potential limitation (GCPL) the

LiNi0.33Co0.33Mn0.33O2 materials gave an e�
ient 
harge/dis
harge behavior at 1C and

C/5, in the voltage range between 3V and 4.6V. Moreover, the 
y
li
 voltammetry and


harge/dis
harge 
urves showed good ele
tro
hemi
al stability with a 
apa
ity retention of

75% after 180 
y
les. These promising preliminary results obtained with this synthesis open

possibilities for performan
e improvements by stru
ture doping or surfa
e enhan
ement.
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Supramole
ular addu
ts 
an be formed by the sta
king of a
idi
 or basi
 
y
li
 trimetalli



oinage metal(I) 
omplexes and the 
orresponding Lewis bases or a
ids.

1,2
In this work, rea
-

tions between the π-a
idi
 
y
li
 trimetalli
 
oinage metal(I) 
omplexes [Cu(µ-3,5-(CF3)2pz)℄3,

[Ag(µ-3,5-(CF3)2pz)℄3, [Au(µ-3,5-(CF3)2pz)℄3 and [Ag(µ-3,5-(NO2)2pz)℄3 with TTF, DBTTF

and BEDT-TTF give rise to twelve 1 : 1 and 1: 2 new binary donor-a

eptor addu
ts stable

in ben
h 
onditions (where pz = pyrazolate, TTF = tetrathiafulvalene, DBTTF = diben-

zotetrathiafulvalene, and BEDT-TTF = bis(ethylenedithio)tetrathiafulvalene). These novel

binary donor-a

eptor addu
ts and their properties have been 
hara
terized by solid-state

stru
tural and spe
tros
opi
 analyses. This series of binary donor-a

eptor addu
ts have

been found to exhibit remarkable supramole
ular stru
tures in both the solid state and so-

lution, whereby they exhibit supramole
ular sta
ked 
hains and oligomers, respe
tively. The

supramole
ular solid and solution binary donor-a

eptor addu
ts also exhibit superior shelf

stability under ambient lab storage 
onditions, and remarkable magneto-optoele
troni
 prop-

erties, as highlighted by 1H and 19F NMR, UV-Vis-NIR spe
tros
opy, FTIR, and 
omputa-

tional investigations. The potential appli
ations of this new 
lass of supramole
ular binary

donor-a

eptor addu
ts in mole
ular ele
troni
s, in
luding solar 
ells, (super)
ondu
tors,

magneti
 swit
hing devi
es, and �eld e�e
t transistors (FETs) are overviewed.
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Considered the real 
ornerstones of medi
inal 
hemistry, thanks to their versatility and

physi
o
hemi
al properties, hetero
y
les or hetero
y
li
 
ores are present in most pharma-


euti
al produ
ts 
urrently on the market. Among the wide range of biologi
al a
tivities,

hetero
y
li
 
ompounds have a 
onsiderable a
tive role as anti-ba
terial, anti-viral, anti-

fungal, anti-in�ammatory, and anti-tumor drugs.

[1]
Despite the extensive literature fo
used

on the synthesis and fun
tionalization of hetero
y
les, there remains a great need for further

advan
es in this area,

[2]
and the development of sustainable strategies for obtaining s
a�olds

of fun
tionalized hetero
y
les is still a 
hallenge for organi
 
hemists.

In this s
enario, we developed the 
y
lization of a
y
li
 pre
ursors that 
ontain linearly

en
oded fun
tional groups for giving targets with high regio- and stereo
hemi
al 
ontrol.

[3]

By �nely tuning the rea
tion 
onditions, we were able to synthesize important build blo
ks

in medi
inal 
hemistry su
h as a
ylaminothiazoles (1) under 
atalyst-free 
onditions, in

good to ex
ellent yields without any puri�
ation step for the whole pro
ess.

[4]
Similarly, we

developed the synthesis of polysubstituted isoxazoles (2) under solvent-free 
onditions with

solid supported CeCl3·7 H2O/NaI 
atalyti
 system.
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The TiO2 is a very versatile material and used in numerous �elds like from 
osmeti
s to

paints.

Titanium dioxide for its high refra
tive index it is used mainly as pigment white in paints,

plasti
s and 
ement from 
onstru
tion and as matting for 
olored paints; for this reason, it

is also 
ommonly 
alled �Titanium white�.

The TiO2 is used in paints for its photo 
atalyti
 a
tivity

1
and self-
leaning inside the

a
ryli
 paints.

2
Within the 
oating all 
omponents are lo
ated in solution through a deli-


ate balan
e of for
es and through fa
tors su
h as temperature, pH, humidity and type of

dispersants used 
an be altered.

3

In the system, where the balan
e is un
hanged, we have that all 
omponents are dispersed

evenly; the resin surrounds titanium, pigment and any other raw materials present. When

balan
e fails the tinting strength varies so the resulting 
olor will be di�erent. In this

parti
ular 
ase was performed a 
omplete study on the morphology by SEM-XRD where

was also made a primary mapping for observing the dispersal of elements; AFM, to observe

whether the surfa
e is homogeneous; Ele
tron Mi
ros
ope through whi
h it was observed

the phenomenon of la
k of pigment dispersion.

The analyses have revealed that the troubled paint samples present an inhomogeneous

parti
le distribution where the resin is lo
ated in greater quantities on the bottom and

titanium �oats on the surfa
e. For the other ones it may be noted that pigment dispersion

in general was not good be
ause you have areas of a

umulation. While in the sample

without problems the dispersion of all 
omponents was perfe
t.
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Propargylamines are an attra
tive 
lass of mole
ules be
ause of their parti
ular mole
ular

skeleton, that 
ontains an amine group lo
ated in β-position to an alkyne moiety suitable

for many 
hemi
al transformations. In re
ent years they re
eived a growing interest as key

intermediates for several biologi
ally a
tive 
ompound, natural produ
ts and also di�erent

hetero
y
les.

[1,2]
Our goal was the development of green and simple methodologies for the

synthesis of se
ondary propargylamines by Lewis a
id 
atalyzed or promoted A

3
rea
tion

among aldehydes, alkynes and primary amines, that are in general less applied in su
h

rea
tions be
ause of their lower rea
tivity. In parti
ular, we studied two di�erent pathway:

the CuSO4/NaI system (Method A) in one pot fashion and the CeCl3/CuI system (Method

B) in one pot/two steps way (S
heme 1).

Heptahydrated CeCl3 is reported to be an ex
ellent 
atalyst for many useful organi


transformation as the synthesis of imines. Its e�
a
y as Lewis a
id is enhan
ed in the

presen
e of inorgani
 iodides and being 
ooper the transition metal of 
hoi
e for A3 rea
tions,

CuI was used.

[3]

Also the CuSO4/NaI 
ouple has revealed to be an interesting Lewis a
id system as an

alternative to CeCl3/CuI system whi
h allow the formation of CuI in situ by quantitative

spontaneous rea
tion that takes pla
e in few se
onds.

[4]

Typi
ally, CuSO4/NaI 
atalysed rea
tions are faster than CeCl3·7H2O/CuI rea
tions,

but su�er of some disadvantages, su
h as lower yields, and a narrower appli
ability. When

a 
hiral starting aldehyde was used, an opposite diastereosele
tivity was observed with the

two di�erent promoters. The amine in general has no e�e
t on the rea
tion out
ome.

The relevant Glaser 
oupling drawba
k observed in the CuSO4/NaI system 
onditions

has been suppressed by adding some benzoi
 a
id, and has not been observed with the

CeCl3/CuI system.
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Dis
oloration of white or light-
olored polymer materials has long been a serious prob-

lem a�e
ting polymers in the industry. Dis
oloration is usually asso
iated with a degra-

dation pro
ess.

1
During degradation, di�erent 
hemi
al rea
tions o

ur along the polymer


hains.

2
Polyesters are of great importan
e as �ber materials and several studies have been


ondu
ted on the dyeing with natural 
olorants su
h as tannins through a transesteri�
ation

rea
tion. Tannins play an important role in the textile appli
ations by improving the a�nity

of �bres towards di�erent dyes. By mixing with other natural dyes it gives di�erent shades

like yellow, brown, grey and bla
k.

3
The dyeing of polyesters must be a
hieved only in the

textile industries, but must be avoided in other appli
ation su
h as food 
onta
t materials.

The dis
oloration of polyesters is observed when it is put in 
onta
t with substan
es that


ontains tannins in spe
i�
 
onditions. Wine and tea in basi
 
onditions are the main re-

sponsible for this problem. The synergisti
 a
tion of three fa
tors: the tannins, the basi



onditions and the metals presents in wine and tea, is the main 
ause of dis
oloration in

polyesters. The transesteri�
ation rea
tion is 
atalyzed by various metals: aluminium, tin,

magnesium, 
al
ium, zin
, titanium and by the basi
s 
ondition that in
rease the 
hemi
al

rea
tivity of tannins. When one of these fa
tors are not in 
ombination with the others the

dis
oloration of polymers is not a
hieved.4

Figure 1 - SEM image.

The SEM images shows that the dis
oloration of polyesters lead to a surfa
e modi�
ation

of the polymer (�g. 1).
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Sin
e the dis
overy by Fujishima and Honda of the photo
hemi
al water splitting, TiO2

photo
atalysis has been widely studied for its environmental appli
ations [1℄. However,

despite the potential of TiO2 as photo
atalyst, there are two limitations in its appli
ation.

The �rst is that TiO2 is not photoa
tive under visible light be
ause of its wide band gap

(3.2 eV); the se
ond is the fast re
ombination rate of ele
tron-hole pairs that de
rease the

e�
ien
y of photo
atalyti
 rea
tions [2℄. A possible solution for these limitations is the

doping with various spe
ies su
h as graphene. Graphene is an ideal nanomaterial for doping

TiO2 thanks to its large spe
i�
 surfa
e area, high transparen
y and the formation of Ti-

O-C bonds that extend the visible light absorption of TiO2. Furthermore, ele
trons are

easily transported from TiO2 to graphene sheets and the ele
tron-hole re
ombination is


onsiderably redu
ed, enhan
ing the photo
atalyti
 e�
ien
y [3℄.

In this study, graphene (GR) [3℄ and redu
ed graphene oxide (rGO) dispersion, that

were prepared and 
hara
terized in our laboratory by two di�erent e
o-friendly methods,

both were used with TiO2 nanoparti
les for the preparation of nano
omposites supported on

polypropylene [4℄ (PP�GR-TiO2 and PP�rGO-TiO2). These nano
omposites were tested

as visible light photo
atalysts for the visible light photodegradation of Alizarin Red S (ARS)

in water as target pollutant. The use of the two di�erent graphene 
ombined with TiO2

demonstrated that their presen
e led to signi�
ant improvements for ARS adsorption on the


atalyst surfa
e and related photodegradation under visible light irradiation when 
ompared

to only TiO2. All the results was 
ompared and dis
ussed.
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Cerium is the most abundant element in the series of the lanthanides, and one of the

more widely used in organi
 
hemistry, both for a
ademi
 and industrial appli
ations.

1

The low toxi
ity, ease of handling and low 
ost, have made CeCl3 an extremely interesting


ompound for organi
 
hemistry appli
ations.

2
In the re
ent years, CeCl3.7H2O, as e�
ient

Lewis a
id promoter, has found a plethora of appli
ability in several organi
 rea
tions and in

the formation of new 
arbon-
arbon and 
arbon heteroatom bonds in important biologi
al

a
tive 
ompounds.

3
Against this ba
kground, we developed two non Biomimeti
 syntheti


proto
ols, based on CeCl3.7H2O promoting system, to rea
h the formation of two biologi
ally

a
tive 
y
li
 
ompounds.

The �rst regards a Nazarov type annulation starting from the mono
y
li
 humulane

trienone zerumbone (1) obtaining poly
y
li
 sesquiterpenoid skeletons (2-4) whi
h are not re-

ported as natural produ
ts and have a signi�
ant a
tive role as anti-ba
terial, anti-in�ammatory,

anti-oxidant and anti-tumor drugs.

4

The se
ond 
on
erns a 
hemo- and regiosele
tive oxidative 
y
lization to rea
h the bis

benzimidazoli
 s
a�old 
hara
teristi
 of a innovative Hoe
hst mole
ule type whi
h are useful

for many di�erent therapeuti
 and diagnosti
 purposes due to the 
apability to bind DNA

and mi
roRNAs.

5
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In the AY 2016/17, a resear
h/a
tion on the learning of 
hemi
al 
on
epts, using the

Flipped Classroom [1℄ pedagogi
al model and the IBSE approa
h (Inquiry Based S
ien
e

Edu
ation) emphasizing the 5E Learning Cy
le [2℄, has been undertaken by two s
hool

tea
hers in 
ollaboration with UNICAM PLS proje
t (S
ienti�
 Degrees National Plan).

The Flipped Classroom repurposes 
lass time by reversing traditional tea
hing (le
ture-style

tea
her 
entered sessions and home self-study) so 
ontent is delivered outside the 
lassroom

where the student 
an adjust the learning pro
ess to his own a
quisition style. Thus, in-
lass

time 
an be devoted to in-depth revision, under tea
her's guidan
e. After an initial online

tea
her training on 
hemi
al 
on
epts and methodologies using UNICAM Moodle platform,

the students' a
tivities were planned a

ording to the �ve-phase sequen
e of Engage, Explore,

Explain, Elaborate, Evaluate. During phase III, the 
lass 
ondu
ted a lab a
tivity adopting

a semi-stru
tured IBSE [3℄, where some steps of the laboratory pro
edures were devised

by the students. Finally, the impa
t on skills upgrade was evaluated. The result analysis

shows an overall bene�t, both in terms of skills a
quired by pupils and a
quisition of the

new tea
hing pra
ti
e by tea
hers.
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Biogeni
 volatile organi
 
ompounds (BVOCs), are a heterogeneous group of mole
ules

with a wide range of fun
tions useful for plants and, 
onsequently, for the whole e
osystem

and the environment

[1]
. A rapidly and inexpensive analyti
al method is presented that is

based on the use of thermal gas-
hromatography (TD-GC-MS) to monitor BVOCs released

by Juniperus Communis in Sibillini National Park. Hexanal, Toluene, α-Pinene, 4-Terpineol

and β-Caryophyllene have been used as standard 
ompounds. This method showed a good

sensibility (limit of dete
tion ranges between 10-19 pptv for all 
ompounds ex
ept for Hex-

anal that is 100 pptv), repeatability (RDS% within 11%), pre
ision (re
overy higher than

85%) and sele
tivity. We 
olle
ted samples in situ from April 2016 to September 2017 almost

on
e for months. The 
ompounds have been identi�ed using Kovats retention indi
es (RI)

and quanti�ed with the response fa
tor (RF) for di�erent 
lass of 
ompounds. All samples

have been 
orrelated with temperature and humidity values. The results show higher emis-

sion in April (�owering period) and at parti
ular 
ondition of temperature (24Â

◦
C). These

results are 
omparable to the data found in the literature about emissions of Juniperus

Communis, 
on�rming the validity of the developed method

[2][3]
.
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Due to market 
ompetitiveness, outsole industry has to improve itself. This 
hallenge,


ombined with the risk of a failure in the market, strongly promotes the resear
h of innovative

polymeri
 materials or blends. TPU (ThermoPlasti
Urethane)/PU (PolyUrethane) and

rubber/PU are the most known example of polymeri
 blends used in soles for te
hni
al

appli
ations.

1
In last years, EVA (Ethyl Vinyl A
etate) has gathered great attention due

to its great resistan
e to UV light and ozone and to its density: the a
etoxy 
ontent has a

strong in�uen
e be
ause on one hand the a
etoxy fun
tional group redu
es the polyethylene


rystallinity degree, on the other, the polymer assumes a more amorphous and rubber-like


hara
ter as the a
etoxy 
ontent in
reases.

2,3
�Rubber� indi
ates a wide range of materials

used in outsole fa
tories for fashion and/or te
hni
al arti
les. Natural and syntheti
 rubbers

are important due to their versatile 
hara
teristi
s: SBR, IR and BR have good physi
al

and pro
ess properties, 
ompatibility and they are generally e
onomi
; NBR, EPDM, CR

(Chloroprene rubber) are used in parti
ular outsole produ
ts that have spe
ial requirements.

4

However, rubber and EVA don't have a high 
ompatibility degree ea
h other; in fa
t, the

aim of this study is to �nd an appropriate formulation that ensembles the advantages of

rubber (good physi
al-me
hani
al properties) and EVA having 18% a
etate 
ontent (optimal


hemi
al resistan
e). Density, abrasion and tear resistan
e, breaking strength and elongation

are evaluated a

ording to the ISO regulations. IR spe
tra and SEM images have also been

re
orded.

In more than �fty years of a
tivity, Delta Spa is deeply involved in resear
h of innovative

materials for outsole produ
ts. Delta Spa has be
ome one of the most important reality in

this �eld: starting from PU and rubber to EVA and TR soles, the outstanding quality made

it an international leader in outsole market.
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Dye Sensitized Solar Cells (DSSCs) represent a low-
ost alternative devi
e respe
t to the


onventional Sili
on photovoltai
s systems

1
. DSSC based on p-type semi
ondu
tor 
onvert

sunlight to ele
tri
ity by the absorption of a dye on p-type semi
ondu
tor nanomaterial, in

this 
ase NiO, that a
t as photo
athode, with a Pt-
ounter ele
trode and a redox ele
trolyte

at interfa
e. In NiO-p-DSSC a hole inje
tion o

urs into the NiO-valen
e band from the

ex
ited dye adsorbed on the nanostru
tured material

2
. The s
ienti�
 resear
h fo
used its

attention on NiO p-type-DSSC due to its potential use in tandem DSSC, in whi
h the p-

type NiO photo
athode is 
ombined with the n-type TiO2 photoanode; unfortunately, the

performan
e of tandem devi
e is lower respe
t the n-type devi
e 
onne
ted to the lower

e�
ien
y of the p-type photo
athode

3
. One strategy to improve the performan
e of NiO-p-

DSSC is modifying and optimizing the semi
ondu
tor in order to improve the photovoltage of

the devi
e, metal doping 
an in
rease ele
tri
al 
ondu
tivity and tune the band gap energies

of the semi
ondu
tor by in
reasing 
harge 
arrier transport, 
harge density and Fermi level

4
.

In this study, graphene was synthetized in our laboratory by glu
ose thermal redu
tion

and, to improve the 
harge transport and the e�
ien
y of NiO-p-DSSC, NiO layers were

doped with di�erent amount of graphene to de
rease the ba
k rea
tion responsible for the

re
ombination pro
ess and in
rease open 
ir
uit photovoltage of the devi
e. Graphene was


hara
terized by UV-vis and XPS, p-NiO DSSCs were analyzed by Current-Voltage measure-

ments and In
ident Photon-to-Current 
onversion E�
ien
ies (IPCE) and the NiO layers,

with and without graphene, have been 
hara
terized by FE-SEM and Raman analysis.
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In this resear
h, we want to �nd a positioning pro
ess for sensors in a wide area start-

ing from in
omplete and noisy distan
e measure. During the sensor positioning pro
ess,

various problems may arise, su
h as errors in the 
alibration of the sensors themselves, but

also problems relating to the di�
ulty of 
overing a large area as best as possible or still

positioning a large number of sensors in an optimized manner.

The problem of determining node positions is generi
ally known as network lo
alization

1
:

the absolute node positions (with respe
t to a lo
al or global referen
e frame) need be

estimated from partial relative measurements between nodes, that is, ea
h node may measure

the relative position (angle and distan
e, or distan
e only) from a set of neighbor nodes, and

the global absolute positions of all nodes need be estimated from this information

2
.

Starting from node distan
es we investigate an approa
h to formulate mathemati
al

and geometri
al relations between nodes to pla
e them in a given area. The purpose is to

�nd a solution to the network lo
alization problem with impre
ise and in
omplete distan
e

information that satisfy distan
e 
onstraints and that 
an be further used to optimization.

In range lo
alization it is usually assumed that some nodes, 
alled an
hor nodes or

bea
ons, know their position with respe
t to an absolute referen
e frame, while the remaining

nodes have to be lo
alized in this given frame. An
hor-free approa
hes also exist. In them

the la
k of an absolute referen
e frame imposes the lo
alization to be relative and a node of

the network is usually assumed to be at the origin of the referen
e frame.

We are working to an an
hor-free method of lo
alization. The approa
hes used in this

resear
h are based several optimization te
hniques

3,4,5
as geneti
 algorithms and on some

numeri
al optimization methods to minimize errors in the positioning su
h as the Least

Squares method or the Lagrangian Multiplier method. Using these te
hniques, it is possible

to position a large number of sensors in a spe
i�
 area, even having in
omplete or wrong

distan
es between the sensors themselves.
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The purpose of this resear
h is to employ IoT sensor data

1
, the use of whi
h is rapidly

in
reasing in industrial plants, to 
reate a 
ombination of ma
hine learning models whi
h


an be used as the basis of a Predi
tive Maintenan
e System

2
.

In Industry, when a ma
hine failure o

urs the entire produ
tion system need to be

stopped for hours or days to perform a 
orre
tive maintenan
e of the fault. Predi
tive

Maintenan
e System aims to report when a failure is about to happen in order to take all

the ne
essary pre
autions to prevent it from o

urring3. In addition to preventing faults, this

system need to be 
apable of dete
ting when irregular behavior, like energy waste happen.

Sin
e these irregular behaviors are di�
ult to be re
ognized by humans, Anomaly Dete
tion

algorithms need to be used4. In addition to this, we must also �x some threshold values

that indi
ates the normal behavior of a system.

The methodology used in this resear
h for the implementation of this kind of system is

Data Driven, so 
alled be
ause it has as its obje
t the study of histori
al data to understand

what are the re
urring fa
tors that 
ause a failure. Using Ma
hine Learning te
hniques, it

is possible to 
reate models that 
an predi
t what will be the value of a IoT Sensor data

in the near future, using histori
al, time series data of the sensor taken into 
onsideration.

Sin
e the data 
ome from di�erent sensor, a prepro
essing phase is the �rst essential step to

build a predi
tive model, then the model need to be trained and tested in order to �nd the

Ma
hine Learning algorithm with the best a

ura
y. When a model for a spe
i�
 dataset is


reated, it is possible to make predi
tion. The result of this predi
tion 
an be used, in the

�rst pla
e to make a 
omparison between the predi
ted values and real values of the sensors,

so as to verify in real time if there is an anomaly, otherwise, if the predi
tion returns an

anomaly itself, the system 
an report that an irregular behavior is about to happen.

The domain investigated is related to HVAC and energy 
onsumption in buildings where

multiple solutions based on arti�
ial intelligen
e and statisti
al approa
hes 
an be used to

model the behavior of the system and to re
ognize anomalies

5
.
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The su

essfulness of a 
ompany does not reside only on the quality of �nal produ
ts and

servi
es that it provides. It also resides on the optimization of all the a
tivities that lead

to the realization of those produ
ts and servi
es. Ensuring a proper exe
ution of a
tivities,

highlighting bottlene
ks, suggesting ways to improve the overall pro
ess, are tasks that reside

in the area of Business Pro
ess Management. One way to optimize a Business Pro
esses is

to gather all the information that 
on
ern the involved a
tivities and represent them in the

form of a Pro
ess Model by means of a standard and graphi
al notation (e.g. BPMN and

EPC).

One of the most spread notation for 
arrying out this task is BPMN. Despite the

widespread of this notation, te
hniques to verify 
orre
tness properties su
h as: absen
e

of deadlo
ks, rea
hability of 
ertain states, 
orre
t a
tivities exe
ution order, are still not di-

re
tly supported. Usually, a translation from BPMN to other formalisms is required together

with the use of third-party tools for performing su
h property veri�
ations. This negatively

a�e
ts users whi
h fa
e the risk of losing themselves into te
hni
alities without �nding what

they are really looking for: an easy to use tool that does all this job automati
ally. BProVe

is a tool based on years of studies

1
whi
h, by the de�nition of an Operational Semanti
s for

the BPMN notation, brought the possibility to apply formal methods te
hniques dire
tly

over models. BProVe 
omes as an open-sour
e Web-Servi
e whi
h has been already inte-

grated into modeling environments like E
lipse

2
and APROMORE

3
. BProVe proved its

e�e
tiveness passing several tests over thousands of models providing 
orre
t responses to

the veri�
ation of a well-known property in the area, the so-
alled soundness property. An

empiri
al study on the usability of BProVe is envisioned as up
oming work.
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Smart systems are large-s
ale, physi
ally-distributed servi
es where di�erent kinds of

data-
olle
tion sensors are used to supply information employed to e�
iently manage assets

and resour
es, and provide e�
ient operations. These systems are in
reasingly pervasive

and intera
t extensively with their environment. System 
omponents are arranged in logi-


al/physi
al spa
e and their position. It is thus 
ru
ial that unexpe
ted and possibly dan-

gerous situations be avoided. Hen
e, there is a strong need of te
hniques to guarantee that

systems are trustworthy.

Sto
hasti
 analysis has proved to be e�e
tive and useful for many systems whi
h en
om-

pass behaviour that is not entirely predi
table. Moreover, probabilisti
 model 
he
king has

been su

essfully used to support system analysis. However, this approa
h is often limited by

the state-explosion problem. To over
ome this problem, simulation-based approa
hes have

been used to provide summary information about the satisfa
tion of properties providing

estimated values that in
lude intrinsi
 un
ertainty.

In [1,2℄ a novel Three-Valued Spatio-Temporal Logi
 (TSTL) has been proposed to take

into a

ount un
ertainty and to enri
h the summary information. TSTL integrates tem-

poral and topologi
al operators, borrowed from [3℄, that allow us to verify spatio-temporal

properties using a three-valued approa
h. For instan
e, TSTL has been used to evaluate

the e�
a
y of a 
ontrol measure for �re spread. The �re spread in a spe
i�
 area will hap-

pen with probability under a given threshold over time. This analysis permits identifying

the lo
ations that are at highest risk, be
ause they are surrounded by lo
ations with high

probability of burning.
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Our work is fo
ussed on the 
omputational study of the mole
ular intera
tions in biolog-

i
al systems. We hypothesise the use of pro
ess algebras to highlight the relation between

the 
omplexity of the fun
tions 
arried out by a biologi
al entity and the type of intera
tions

tying the elementary units that 
ompose its stru
ture. This approa
h is intended to de�ne

predi
tive models able to generate new knowledge, on the system itself, 
omplementary to

the one obtained via empiri
al methods.

We investigated the way in whi
h the intera
tions between nu
leotides determine the

three-dimensional 
onformation of RNAs and hen
e their fun
tions. With the aid of formal

models based on CCS pro
ess algebra, we 
ompared the folding pro
ess of proteins with the

one performed by RNAs. We formally proved the existen
e of an abstra
tion level in whi
h

these two kinds of pro
esses show a 
ongruen
e in their behaviour

1
. Su
h result allows us

to identify and model the distinguishing features of the studied biologi
al pro
esses only on

the basis of the known properties of the intera
tions that bind the nu
leotides (in RNAs)

and the amino a
ids (in proteins).

We are also working on an appli
ation of the proposed modelling approa
h to the studies


arried out at the CPT (Centre de Physique Théorique, Aix-Marseille University) on the

long-distan
e ele
trodynami
 intera
tions of biomole
ules

2
. The main idea is to develop

a simulator able to solve the problem of the possible interpenetrations of the represented

mole
ules. It would be also intended to yield information on the temporal evolution of the

mole
ular intera
tions.

Appli
ations of our approa
h in modelling the pro
esses involved in gene expression

would allow the identi�
ation of mutations in human gene pathologies; on the other hand,

simulations of protein intera
tions would be the basis of in-sili
o studies of the formation of

protein aggregates in neurodegenerative diseases.
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The BPMN 2.0 standard [1℄ is nowadays largely used to model distributed informative

systems in both a
ademi
 and industrial 
ontexts. The notation makes possible to rep-

resent these systems from di�erent perspe
tives. A lo
al perspe
tive, using 
ollaboration

diagrams, to des
ribe the internal behaviour of ea
h 
omponent of the systems, and a global

perspe
tive, using 
horeography diagrams, where the intera
tions between system 
ompo-

nents are highlighted without exposing their internal stru
ture. In this paper, we propose

a formal approa
h for 
he
king 
onforman
e of 
ollaborations, representing possible system

implementations, with respe
t to 
horeographies, representing global 
onstraints 
on
erning


omponents'intera
tions. In parti
ular, we provide a dire
t formal operational semanti
s [2,

5, 7℄ for both BPMN 
ollaboration and 
horeography diagrams, and we formalise the 
on-

forman
e 
on
ept [3, 6, 8-9℄ by means of two relations de�ned on top of the semanti
s. To

support the approa
h into pra
ti
e we have developed the C4 tool [4℄. Its main 
hara
teristi


is to make the exploited formal methods transparent to systems designers, thus fostering a

wider adoption of them in the development of distributed informative systems. We illus-

trate the bene�ts of our approa
h by means of a simple, yet realisti
, example 
on
erning a

traveling s
enario.
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The Data S
ien
e Proje
t to Re-image edu
ation (Da.Re.) is part of the Erasmus+

program funded by the European Union. The �nal goal of this proje
t is to design an

innovative study 
urri
ulum in Data S
ien
e. Ea
h member of the 
onsortium 
arried out a

survey in their own 
ountry to know the state of the art of data s
ien
e a

ording to three

main dire
tives: university training paths of all levels, skills sought by 
ompanies (Market

needs) and new desired skills for fa
ing future 
hallenges (Training needs). The results of

the survey show the need, by small and medium-sized enterprises (SMEs), of people skilled

in data analysis but also aware of the spe
i�
 domain in whi
h the 
ompanies operate. This

is a 
lass of professional not well served by existing edu
ational or training o�erings.

The Da.Re. 
urri
ulum is intended to shape su
h a �gure who has been 
alled a `bridge

person'. A bridge between the spe
i�
 domain of the 
ompanies and the 
apability to analyze

data is ne
essary.

The Da.Re. 
urri
ulum design has two parts: 80 hours online edu
ation followed by

70 hours fa
e-to-fa
e edu
ation with experts from 
ompanies. The idea is that the online

edu
ation provides students with the te
hni
al knowledge and skills needed to do the handson

training at the two-week 70-hours fa
e-to-fa
e residential s
hool. By 
ombining online and

fa
e-to-fa
e edu
ation, Da.Re. 
an 
ombine the best of MOOCs and the boot 
amp approa
h

to provide new, useful and sustainable data s
ien
e edu
ation in Europe.

The pilot 
ourse, that was laun
hed in August 2018, represent the basis for de�ning the

�nal 
ontents of the 
urri
ulum.
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Energy management have always been a great 
hallenge in our so
iety. The predi
tion

of energy 
onsumption of o�
es, apartments and even entire buildings 
ould be the key

for helping in redu
ing the energy utilization, in designing and sizing renewable energy and

storage systems [1,2℄. In this work we 
ompared a 
ombination of di�erent ar
hite
tures

parameters and paradigms in order to fore
ast the next day energy 
onsumption.

Our data are the re
ordings of the energy 
onsumption and external temperatures in

a period of two years, of the Leaf Lab, a building belonging to the Lo

ioni Group that

kindly provided us those data. Feedforward, with di�erent topologies, and Re
urrent neural

networks with a long short term memory unit have been used [3,4℄.

We trained and tested our networks using the data of the �rst year and then we fore
asted

the daily 
onsumption of the next one. We evaluated ea
h network in terms of the Mean

Absolute Per
entage Error (MAPE), the Mean Squared Error, (MSE) and the Root Mean

Squared Error (RMSE). We got that the re
urrent neural network performed better that

the others obtaining a MAPE of 22%, a MSE of 18.03 and a RMSE of 4.25.

In this work, 
ontrary to what is reported in the literature, validation has been 
arried

out over a long period (one year); moreover, the data provided were noisy and had a large

number of �holes�. Despite this, our network managed to 
ontain the error in almost all the

predi
tions; only some of these presented a very high error.
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Depression is re
ognized as one the major 
ause of illness espe
ially for patients in the

rehabilitation phase from spinal traumas [1℄. The early automati
 dete
tion of depressive

states, using environmental sensors pla
ed in rehabilitation fa
ilities, is important both for

the 
lini
ians who 
an intervene in a targeted manner and for the patient who, in this

way, does not risk aggravating the pathology. Unfortunately in the literature very few

works are reported in this �eld; moreover, most of the studies are done on older people at

home: an elderly person is 
onsidered healthy as long as he 
an 
arry out daily a
tivities as

usual, without signi�
ant deviations from the normal daily routine. In order to monitoring

deviations te
hniques su
h as SVM, fuzzy logi
, Bayesian methods, de
ision trees, ANN and

HMM are used [2,3℄.

The aim of this work is de�ning and then implementing an algorithm to monitor the

domesti
 behavior of patients of all ages, in the rehabilitation phase, whi
h 
ould hide 
lues

to the development of depressive pathologies. In parti
ular, what we want to monitor daily

a
tivity, fo
using on the a
tions performed by patients, on the number of hours of rest, on

mobility within the fa
ilities, on the predisposition to go out and so
ialize, on the use of

environments and applian
es. Data 
olle
ted from ad-ho
 surveys is going to be used, too.

The resultant algorithm will be a support in 
lini
al diagnosis.

This work is part of the Tailored Rehabilitation for the Engagement and Empowerment of


hroni
ally disabled people Proje
t (TREE), funded by The Mar
he Region (PORMARCHE

FESR 2014-2020 �SALUTE E BENESSERE�). The aim is to 
reate a model of so
ial and

health servi
e in the areas of rehabilitation, monitoring and assistan
e, whi
h 
an respond

to 
hanges in 
are needs.
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Ribonu
lei
 a
id (RNA) is a linear polymer of nu
leotides arranged in a sequen
e referred

to as a ba
kbone. This sequen
e is made of four di�erent types of nu
leotides, known as

Adenine (A), Guanine (G), Cytosine (C) and Ura
il (U), and folds ba
k on itself 
reating


omplex shapes, known as se
ondary stru
tures. RNA se
ondary stru
tures 
omparison is a

fundamental task in several studies, among whi
h RNA stru
ture predi
tion and evolution.

The 
omparison 
an 
urrently be done e�
ient only for pseudoknot-free stru
tures due to

their inherent tree representation.

In this work, we introdu
e an algebrai
 language to represent both pseudoknot-free and

pseudoknotted motifs that indu
es RNA trees permitting an e�
ient 
omparison of RNA

se
ondary stru
tures of any kind. For ea
h stru
ture, a unique extended RNA tree is derived

from a tree grammar based on operators 
on
atenation, nesting and 
rossing. From an

extended RNA tree, an abstra
tion is de�ned in whi
h the primary stru
ture is negle
ted.

The resulting stru
tural RNA tree allows us to de�ned a measure of similarity 
al
ulated

exploiting 
lassi
al tree alignment algorithms.
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A miRNA is a small non-
oding RNA mole
ule that regulates gene expression. Current

studies showed that miRNAs may fun
tion both as on
ogenes and as tumor suppressors,

but not revealed the pre
ise 
onditions that 
ause miRNAs to alter gene expression of the


an
er 
ells. In this study, we introdu
e a 
ontext-free grammar, Loop Grammar, that

formalizes the primary and se
ondary stru
ture as a 
omposition of loops, 
orresponding to


on
atenation or nesting of hairpins. We also formalize the 
on
atenation and nesting on

fatgraphs, oriented surfa
es with boundary, and we de�ne a Surfa
e Loop Grammar, whose

algebrai
 expressions uniquely identify su
h surfa
es asso
iated to given RNA stru
tures.

The Loop Grammar has been used to model tumor and healthy miRNAs of the mir-515

family, and we observed that the mutations of elements of primary stru
ture involved in

loops formation 
hanged the se
ondary stru
ture of tumor miRNAs. The Surfa
e Loop

Grammar is useful to 
lassify RNA stru
tures in terms of loops and relations among them.
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The in
reasing adoption of modelling methods 
ontributes to a better understanding

of the �ow of pro
esses, from the internal behaviour of a single organisation to a wider

perspe
tive where several organisations ex
hange messages. In this regard, BPMN 
ollab-

oration [1℄ is a suitable modelling abstra
tion. Even if this is a widely a

epted notation,

only a limited e�ort has been expended in formalising its semanti
s, espe
ially for what

it 
on
erns the interplay among 
ontrol features, data handling and ex
hange of messages

in s
enarios requiring multiple instan
es of the intera
ting parti
ipants. In our study [2℄,

we fa
e the problem of providing a formal semanti
s for BPMN 
ollaborations in
luding

multiple instan
es, while taking into a

ount the data perspe
tive. Beyond de�ning a novel

formalisation, we also provide a BPMN 
ollaboration animator tool 
alled MIDA [3℄ that

permits to understand the pre
ise behaviour of BPMN models [4,5℄. MIDA shows the model

exe
ution by means of �ow of tokens, following the rules indu
ed by our BPMN formal se-

manti
s. MIDA turns out to be an e�e
tive supporting tool for enhan
ing the understanding

of BPMN 
ollaborations and debugging errors that 
an easily arise in modelling them.

Referen
es

1. OMG: Business Pro
ess Model and Notation (BPMNV2.0) (2011).

2. Corradini, F., Muzi, C., Re, B., Tiezzi, F., Rossi, L.: Animating multiple instan
es in

BPMN 
ollaborations: from formal semanti
s to tool support. In: BPM 2018. LNCS,

Springer (2018), to appear.

3. Corradini, F., Muzi, C., Re, B., Tiezzi, F., Rossi, L.: MIDA: Multiple Instan
es and

Data Animator. In: BPM 2018 (Demo). LNCS, Springer (2018), to appear.

4. Desel, J.: Tea
hing system modeling, simulation and validation. In: WSC. pp. 1669-

1675 (2000).

5. Hermann et al., A.: Collaborative business pro
ess management - a literature-based

analysis of methods for supporting model understandability. In: WI (2017).



36

Combining Ma
hine Learning with Knowledge

Engineering to Dete
t Fake News in So
ial

Networks

Sajjad A.

1
, Hinkelmann K.

1,2
, Corradini F.

1

1
S
hool of S
ien
e and Te
hnology, Computer S
ien
e Division, University of Camerino, Via S. Agostino 1,

62032 Camerino; e-mail: ahmed.sajjad�uni
am.it

2
S
hool of Business, FHNW, University of Applied S
ien
es and Arts, Northwestern Switzerland, 4600

Olten; e-mail: knut.hinkelmann�fhnw.
h

Fake news is a type of yellow journalism or propaganda that 
onsists of deliberate misin-

formation or hoaxes spread via traditional print and broad
ast news media or online so
ial

media. Fake news is as old as the news industry itself-misinformation, propaganda, hoaxes

and satire have long been in existen
e. Dete
tion of fake news gained worldwide popularity

after US presidential ele
tions 2016 and now a day it has be
ome a hot issue. The impor-

tan
e of fake news 
an easily be understood as per the report published by PEW Resear
h

Centre. 38% adults often gets news online, 28% rely on website/apps & 18% rely on so
ial

media. Overall 64% of adults feel that fake news 
auses a great deal of 
onfusions [1℄. As

per our resear
h question �How would one a

urately distinguish between fake and non fake

arti
les on so
ial networks by 
ombining ma
hine learning with knowledge engineering? �

To answer this question our idea is to 
ombine learning from data and engineered knowl-

edge in order to 
ombat fake news dete
tion in so
ial media. A new text 
lassi�
ation algo-

rithm approa
h shall be developed whi
h will 
lassify the text as soon as news is published

online into the 
lasses' fake, non-fake, un
lear. These days the most a
tively resear
hed


lassi�er is Support Ve
tor Ma
hine (SVM) that 
an 
lassify the text [2℄. After text 
las-

si�
ation the next step for identi�
ation of fake news is stan
e dete
tion, whi
h 
ategorizes

the news into four 
ategories: agree, disagree, dis
uss and not related. For this purpose we

will apply di�erent algorithms to 
he
k the stan
e of the other so
ial sites. In next step

we will apply fa
t 
he
king that will re�ne the results. While 
lassi�
ation 
an be based

on 
ross validation using deep learning methods based on text and metadata like sour
e,

author, topi
 and 
laim wise [3℄, fa
t 
he
king uses engineered knowledge in order to analyse

the 
ontent of the text and 
ompare it to known fa
ts. At the end the three sub results will

be 
ombined in order to di�erentiate the fake and non fake news in so
ial networks.
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Constru
tion and demolition (C&D) wastes a

ount for highly heterogeneous materials,

as 
on
rete, ro
ks, glass, wood, metals, as well as more harmful 
omponents like asbestos.

All this material is normally produ
ed during 
onstru
tion and restorations, but this may

in
lude unfortunately also waste produ
ed by 
atastrophi
 events like earthquake.

C&D waste is 
onsidered priority waste in European Union 
ountries and it represents

a major 
on
ern to re
y
le and re-use it for new appli
ations and produ
ts. Re
y
ling

and utilization of su
h waste would be a signi�
ant 
ontribution to the environment and

sustainable development towards the adoption of �zero waste� prin
iple. Currently, in Italy,

75% of CDW is being re
y
led, roughly twi
e the average per
entage among the EU members

be
ause many show no 
on�den
e in the 
omposition and quality of CDW-based produ
ts.

The vitri�
ation of C&D waste may represent a valid and useful te
hnique to thermal

treat su
h materials in order to in
rease signi�
antly the possibility of reutilization, whi
h at

the moment is still limited as a low-grade �lling aggregate use (REF). For this reason, in this

study we have investigated the possibility to obtain glass and glass-
erami
s materials from

C&W waste and C&D waste mixed with di�erent types of material, as for example re
y
led

glasses, �y ash, bottom ash and tile 
utting slag. To attain so we have performed vitri�
ation

experiments at lab s
ale in a mu�e furna
e at ambient pressure, temperature ranging from

1000 to 1200

◦
C and di�erent melting duration (2-16 h). The obtained materials were

investigated by means of di�erent analysis, by using at �rst opti
al mi
ros
ope, powder

X-ray di�ra
tion (XRD) and s
anning ele
tron mi
ros
opy (SEM). At the end feasibility of

industrial produ
tion of new type green building material is dis
ussed in order to a
hieve

waste re
y
le and environment prote
tion.
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Sediment is an essential, integral and dynami
 part of a river basin, 
ause a healthy

river needs sediment as a sour
e of life. On the other hand, the abundan
e of sediments 
an

a
t as a potential sink for many hazardous 
hemi
als and, espe
ially in the 
ase of arti�
ial

reservoirs, produ
e a long-term loss of storage 
apa
ity for reservoir operation and watershed

management.

Even the European Water Framework Dire
tive (WFD), although it does not deal spe
if-

i
ally with sediments, 
learly identify a link between sediment monitoring in a river 
at
h-

ment and the a
hievement of the WFD obje
tive itself (good status of all European water

resour
es by the year 2015). The study, using di�erent dire
t and indire
t methodologies,

wants to evaluate the sedimentation rate within a sample arti�
ial reservoir (Le Grazie lake

in 
entral Italy) whi
h, in the period 1952-2015, has 
aused a strong de
reasing of the trap

e�
ien
y and a loss of over 70% of the water volume stored. Dire
t measurements of the

lake bottom bathymetry, 
arried out in 2006 and 2015 (AGEOTEC, GEOMARINE), and 3D

re
onstru
tions performed in a GIS environment, made it possible to 
al
ulate volume and

weight of �lling material and, in parti
ular, to verify that the greatest 
ontribution 
omes

from a right tributary of the Chienti river (the San Ro

o stream), deepened in a 
layey

subbasin, and �owing dire
tly into the lake. The values obtained have been then 
ompared

with those 
oming from indire
t evaluations 
arried out using the RUSLE (Revised Univer-

sal Soil Loss Equation) Method (Wis
hmeier and Smith, 1982) performed in the San Ro

o

subbasin. The 
omparison between the two approa
hes made it possible to 
ompensate for

errors inherent the methods themselves (un
ertainties in the dire
t measurements or the

parameters used in the RUSLE equations) and, above all, to verify an upward trend in the

sedimentation rate starting sin
e 2006.
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We des
ribe the geodynami
 evolution of a rift through a 2D thermo-me
hani
al nu-

meri
al model based on a non-linear anelasti
 rheology and physi
ally 
onsistent boundary


onditions. The model has the obje
tive to test the possibility that the lithosphere retains

some amount of elasti
 strain energy during the rifting phase, whi
h will be subsequently

released after the onset of sea �oor spreading by anelasti
 relaxation. Our tests were per-

formed using Underworld II, an open-a

ess Python geodynami
 
ode, and `open' boundary


onditions. An alternative simpler numeri
al model with `
losed' boundary 
onditions was

also 
onsidered to evaluate the in�uen
e of small-s
ale 
onve
tion on the rifting pro
ess.

Our results show that the model of rift-drift transition proposed by (1) and (2) is supported

by a realisti
 pre-drift evolution of the lithosphere.
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Life Cy
le Assessment (LCA) is a methodology used to quantify potential environmental

impa
ts of the entire life 
y
le of a produ
t or servi
e, starting at raw material a
quisition,

following with produ
tion, use, and eventually its disposal. Today, LCA is used for sus-

tainability ben
hmarks or 
omparisons of produ
ts in the framework of investment de
ision,

produ
t development or even engaging sub
ontra
tors. More re
ently, the EC ele
ted LCA

as the method to 
al
ulate environmental indi
ators for 
omparisons between produ
ts and

organizations. LCA is a 
ru
ial part of the transition to a green e
onomy, and the privileged

method for 
al
ulations of environmental impa
ts. The purpose of this work is to quantify

and evaluate the environmental and energy performan
e (materials used in the pro
essing),

resulting from the entire life 
y
le of the mi
ronized limestone, as well as 
omprehend the

life stages of the produ
tion pro
ess. The proje
t, whi
h aims to harmoniously 
ombine the

industrial needs of the existing mining a
tivities, with the respe
t of an area parti
ularly

sensitive from the environmental point of view, is fo
used on the extra
tion of limestone

from the formation of the Massive Limestone (Upper Triassi
) with a 
ontent in CaCO3

more than 98%. Sin
e a few years the mine has developed innovative te
hniques to redu
e

the environmental impa
ts of its a
tivity, su
h as the underground 
ultivation method, that

involves the 
reation of 8 underground large 
hambers, inside the mountain.
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Laboratory and in-situ tests were 
arried out with the aim of investigating underground

thermal properties and me
hanisms of heat transfer of a pilot ground-sour
e heat pump

system 
onsisting of two borehole heat ex
hangers. Samples of grouts used for �lling the

boreholes and of the main lithotypes penetrated by drilling were analysed in the lab for

assessing their thermal properties. Grouts with di�erent me
hani
al 
hara
teristi
s and

similar mineral 
omposition were used in the two holes. The grout thermal 
ondu
tivity

ranged from 1.65 to 2.13 W m

−1
K

−1
and thermal di�usivity from 0.61 to 0.80 µm2

s

−1
.

Thermophysi
al measurements on the lithotypes showed the largest thermal 
ondu
tivities

(2.34-2.66 W m

−1
K

−1
) in sandstones and marls, whereas peliti
 lithotypes denote lower

values (1.82-2.21 W m

−1
K

−1
). The average thermal di�usivity was 0.73 Î

1
4m2 s-1. The

in-situ experiments in
luded thermal logs, to evaluate the undisturbed underground tem-

perature, and thermal response tests, whi
h were interpreted with the moving line-sour
e

model to infer the underground thermal 
ondu
tivity, the borehole thermal resistan
e and

the groundwater velo
ity. The inferred thermal 
ondu
tivity varied from 2.09 to 2.48 W

m

−1
K

−1
and thermal resistan
e from 0.188 to 0.192 m K

−1
W

−1
. Values of Dar
y velo
ity

ranged from 5 to 9*10-7 m s-1. After the heat inje
tion tests, the temperature variation

with time was re
orded at 20-m-depth intervals in both holes. The temperature-time series

were used to assess the thermal 
ondu
tivity variation with depth. In both boreholes, ther-

mal 
ondu
tivity was little variable from 20 to 80 m depth (2.14-2.34 W m-1 K-1) and it

in
reased (2.49-2.68 W m

−1
K

−1
) at the hole bottom. The average thermal 
ondu
tivity for

the two boreholes was quite similar (2.29-2.32 W m

−1
K

−1
) and 
onsistent with the values

obtained with the moving line-sour
e model. The results obtained with this approa
h were

also 
onsistent with the laboratory measurements and gave estimates of thermal 
ondu
tivity

at di�erent depths.

Nota: Lavoro realizzato nell'ambito del Progetto MATREND (FAR 2014-15 Invernizzi)
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A new 
on
eptual model for the To
omar Geothermal System (TGS) based on geologi-


al, stru
tural and geo
hemi
al data along with the available geophysi
al data is presented.

The outlining of 
on
eptual models, even in the earliest stages, represents a paramount

aspe
t for geothermal exploration sin
e these s
hemes are by far the most e�e
tive 
ost-

bene�t tool. In fa
t, re
onstru
ting stratigraphi
 and stru
tural framework is fundamental

for i) understanding the relationship among 
ap ro
ks, reservoirs and �uid 
ir
ulation, ii)

geothermal potential, and iii) planning resour
e exploitation. The TGS is lo
ated in the

Central Puna (Central Andes, NW Argentina), related to the 0.57 Ma To
omar vol
ani



enter (TVC) empla
ed in a small extensional basin �To
omar basin (TB)� linked to the

a
tive NW-SE trans-Andean te
toni
 lineament known as Calama-Ola
apato-Toro (COT)

fault system. The pre-basin su

ession is made of low-grade metamorphi
 and sedimen-

tary lower Paleozoi
 ro
ks, Creta
eous 
ontinental rift-related deposits and ignimbrites from

the Aguas Calientes Caldera (10-17 Ma). The basin in�ll 
onsists of a thi
k alluvial de-

posit formed by polymi
ti
 
onglomerates and sandstones that evolve upwards to several

pyro
lasti
 deposits. The updated 
on
eptual model for the TGS 
onsists of a heat sour
e

related to the 0.57 Ma rhyoliti
 magmati
 a
tivity of the TVC. The geothermal reservoir

has a NW-SE geometry elongated along the COT-like Chorrillos fault, with a minimum area

of 
a. 6 km2. The average depth of the top of the reservoir is 1,000-1,400 mbgs, probably

hosted in Creta
eous sedimentary ro
ks. The primary permeability is enhan
ed by intense

deformation along the COT. Both the interbedded �ne-grained Creta
eous fa
ies and a hy-

drothermal 
lay 
ap (argilli
 alteration) a
t as seal ro
ks. Hot springs o

ur in asso
iation

with deep N30-N60 fra
tures related to the COT. Temperature estimation using the NA-K

geothermometer indi
ates reservoir temperatures of 184-230

◦
C. Estimated lo
al geothermal

gradient for the TB is 150

◦
C/km and the minimum stored heat in the geothermal reservoir

is of about 3.21x1015 kJ.
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Gravity-driven pro
esses, su
h as sliding, slumping, debris-�ows and 
reep, 
an have a

signi�
ant impa
t on the evolution and the ar
hite
ture of the platform-to-basin 
arbonates.

The distribution and nature of mass-wasting produ
ts and related features 
an a�e
t the �uid

�ow migration pathways, and lead to unexpe
ted 
ompartmentalization issues in reservoir

analysis.

A stru
tural and sedimentologi
al analysis was performed in the eastern margin of the

Creta
eous Apulian Carbonate Platform in the Gargano Promontory, southeast Italy. Here,

subseismi
-s
ale mass-transport deposits (MTDs) 
omprise a large proportion of basinal

Maioli
a Formation. These MTDs typi
ally display a verti
ally bipartite 
hara
ter, in
luding

debrites and slump deposits of varying volume ratios. The slumps are 
omposed of the beds

of surrounding formation, meanwhile the debrites are 
omposed of 
lasts of slope provenan
e.

Some 
on�ned pa
kages 
omposed of folded beds display bent stylolites with radially oriented

peaks at the bedding interfa
e whi
h infers post-lithi�
ation folding.

The su

ession is 
ut by both te
toni
ally- and gravity-related faults of small to large

s
ale. The gravity-related (super�
ial) faults are mostly normal, and their strike is 
onsistent

with the strike of the paleoslope. This demonstrate an extensional regime and downslope

movement. The su

ession bise
ted by super�
ial faults is likewise 
ut by dis
ordant largev-

erti
al bre

ia bodies. The bre

ias rea
hing up to 80 m of height and 40 m of width, are

mostly 
haoti
 in nature and several of them were in�uen
ed by dolomitization. These bre
-


ias are most likely the produ
ts of downslope extension. Studied features at the out
rop

s
ale and previous existing studies from the sub-surfa
e, enabled the 
onstru
tion a 
on
ep-

tual model of super�
ial and deep-seated gravity-driven features and their impa
t on the

paleoslope-to-basinal 
arbonates.
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Lands
ape is so relevant in the 
ulture and e
onomy of our 
ountry, that it is 
lear how

important 
an be the knowledge of its geomorphologi
 
hara
teristi
s and natural history as

well. Highly signi�
ant is the sharing of su
h knowledge: a mandatory step to involve lo
al


ommunities in those a
tions oriented to a balan
ed management of the territory, to the pro-

te
tion of those environmental, aestheti
 and 
ultural resour
es, 
hara
terizing our Country

and to the 
reation of opportunities for so
ial/e
onomi
 promotion as well. Di�erent needs

in knowledge suggest new strategies, and dialogi
 intera
tion between resear
hers, poli
y

makers, stakeholders and so
iety in order to o�er the publi
 an opportunity to experiment

with an alternative and 
ons
ious approa
h to the ri
h natural and 
ultural heritage of the

territory, using new tools, syntheti
 and 
omplete, suitable for all levels of users.

Lands
App is a new App 
ontaining information on the geomorphologi
al and environ-

mental settings of the Italian Lands
apes, related to some so
ial themes signi�
antly linked

to the territory. Moreover, referring to the vo
ation of some areas to outdoor sports, the

App 
ontains information and news related to the most signi�
ant performan
es realized by

the most famous 
hampions of skiing, 
y
ling, hiking, 
limbing, in the magni�
ent natural

s
enery that 
hara
terize our 
ountry. Non-
onventional s
ienti�
 
ommuni
ation takes on

a strategi
 importan
e today, parti
ularly referring to the knowledge of the territory, and to

rerritorial planning, risk prevention and sustainable development. To this aim, GIS and 3D

modeling are �exible and friendly tools, useful both in edu
ational plans and in territorial

promotion, suitable to 
ommuni
ate Environment, Lands
ape, Territory to a wide audien
e.

In this regard, we suggest a 
reative 
ombination of lands
apes, food and wine, tourism

and sport, a new integrated �eld that 
ould stimulate a
tions to promote sustainable devel-

opment in Italy, within a more sensible 
ulture of land use. A �rst version of the App ia

available online: www.ost.sinanet.isprambiente.it/.

It was 
reated for the Ampezzo Dolomites, an area representing -for its beauty, its

signi�
an
e and the amount of do
umentation available- the ideal 'ontext to develop and test

an appropriate methodology, 
reating a referen
e prototype. Lands
app has been presented

in Cortina d'Ampezzo, at the Ciasa de ra Regoles, guest star and testimonial the ski 90's


hampion Kristian Ghedina.
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The GeoQuest Proje
t started as a PhD resear
h proje
t in Tea
hing and Learning

Pro
esses in Geos
ien
e Edu
ation at UNICAM. It aims to answer to both students and

tea
hers'needs in an ever-
hanging world. Today, in parti
ular, students need tea
hing tools

that use di�erent 
ommuni
ation 
odes, as they are less a

ustomed to abstra
tion. An

in
reasingly inter
onne
ted and te
hnologi
al world requires students to have spe
i�
 skills:

knowledge of the dis
iplines founding 
ores in an interdis
iplinary key is required, along with

te
hni
al and te
hnologi
al skills, mastery of foreign languages, �exibility, attitude to team

working, 
reativity and entrepreneurship. S
ienti�
 subje
ts, su
h as S
ien
e, Te
hnology,

Engineering andMathemati
s (STEM subje
ts) need to be strengthened and studied through

a laboratory approa
h. On the other hand, tea
hers need user-friendly tea
hing tools, whi
h

allow and promote teamwork, whi
h allow the laboratory tea
hing and the CLIL (Content

and Language Integrated learning) approa
h.

We have therefore developed a Computer Classroom Role Playing Game (CCRPG),

GeoQuest, whi
h has been obje
t of a multi-phase experimentation 
arried out for two years

in Italian s
hool of di�erent grades.

The �nal out
ome of the GeoQuest Proje
t is that the game e�e
tively mat
hes the

needs identi�ed by students and tea
hers. Carrying out the experimentation in several

phases allowed us to 
alibrate and improve our proje
t and allowed us to obtain rigorous

and reliable results. This allows us to assert that we have been able to meet the needs

of students and tea
hers, with a tea
hing tool that perfe
tly 
omplies with the demands

of modern so
iety. Above all, our proje
t answers our resear
h questions in tea
hing and

learning pro
esses in S
ien
e Edu
ation: to 
reate an edu
ational tool that ensures students

build knowledge of the dis
iplines founding 
ores in an interdis
iplinary key, whi
h allows

them a
quire te
hni
al and te
hnologi
al skills, mastery of foreign languages, �exibility,


reativity and entrepreneurship.
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Currently, more than half of all materials extra
ted globally (over three billion tonnes/year

in the EU only) are transformed for use in 
onstru
tion. Before year 2020, the EU aims to

redu
e the environmental impa
t of the 
onstru
tion se
tor by re
y
ling or re-using large

amounts of these materials, thus redu
ing the 
onsumption of raw materials and helping

promote the se
tor's e
onomi
 stability. With this 
hallenge in mind an aestheti
ally pleas-

ant and fully re
y
led (up to 78%) pre-
ast 
ement based tile (Terrazzo tiles) was designed

by repla
ing raw materials with Glass Waste (GW) and Constru
tion/Demolition Waste

(CDW). Several re
ent studies explored the e�e
t of the addition of GW in the manufa
ture

of urban pavements, 
on
luding that the use of GW 
an improve various phases of pave-

ment life and stru
ture by enhan
ing the stru
tural performan
e, durability, environmental

friendliness, and aestheti
 features.

In this study we extend this knowledge also to interior 
ement-based tiles by evaluating

the te
hni
al performan
es of this this novel designed tile, in parti
ular by fo
using on

the interfa
e between the GW aggregates and di�erent Portland 
ement based matrix at

extreme environmental 
onditions. For this work three representative waste material based

�terrazzo� tiles were sele
ted and 
hara
terized by means of XRD and SEM imaging in

order to study the boundary e�e
t between GW aggregate and di�erent binding materials:

limestone powder, quartz powder and �ne ground WG powder. A fourth additional mixture

of Portland 
ement and CDW material was 
hara
terized. Fragments of a Limestone matrix

tile were also thermally threated at -18

◦
C and at 60

◦
C for one week to witness the possible

formation of new harmful phases at the grain-matrix boundary.

Preliminary results on X-ray di�ra
tion patterns show that 1 year after manufa
ture

and/or thermal treatment there is no new formation of harmful phases other than the

starting ones. High magni�
ation SEM imaging further 
on�rmed this observation also

highlighting the good binding performan
es of a mixture 
omposed by the 78% of re
y
led

WG.
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A 
ombined magneti
-radar survey has been performed in 2017-2018 in the area sur-

rounding the Hadrian's Villa Plutonium, near the 
ity of Tivoli, Italy. The obje
tive was to

dete
t buried buildings and delineate the lo
al stru
ture of the underground system of tun-

nels that links di�erent areas of the Hadrian's Villa. We show that several buried stru
tures

are present around the exposed part of this monumental building. The new geophysi
al

data also show that a 
omplex system of inter
onne
ted tunnels of di�erent size exists in

this area. The radar survey was performed using a GSSI SIR 4000 system equipped with

a 200 MHz antenna with a maximum penetration depth of 9 m. This antenna allowed to

obtain su�
ient penetration for investigating the system of tunnels that were dug in the

tu� units underlying the Plutonium-Inferi area, although with a lower resolution relative

to a 400 MHz antenna. However, due to the parti
ular 
hemi
al and physi
al properties of

the soil and tu� units in this area (e.g., a very high magneti
 permeability), we obtained

a depth of penetration not ex
eeding 4 m. We 
ompiled three depth sli
es, 
orresponding

to the following depths intervals: 30-80 
m, 80-130 
m, and 130-220 
m. Total �eld mag-

neti
 data were 
olle
ted on a terrain 
learan
e using a Geometri
s G-858 
aesium vapor

magnetometer. The magneti
 data were read at 10 Hz along bi-dire
tional survey lines

equally spa
ed 0.5 m. All the total �eld measurements were performed in solar-quiet 
ondi-

tions, with a Kp index not ex
eeding 2. The data were 
orre
ted for the daily variations of

the geomagneti
 �eld through a levelling pro
edure and underwent standard pre-pro
essing


onsisting into despiking and de
orrugation pro
edures. The GPR and magneti
 data were

supplemented by two ele
tri
 resistivity tomography (ERT) pro�les, whi
h were a
quired to

assess the presen
e of tunnels. The last series of data 
onsisted into 9 tu� 
ores sampled

from the tu� unit beneath the Plutonium area and from some soil samples. The 
ores were

analyzed at the ISMAR-CNR paleomagneti
 lab of Bologna with the obje
tive to determine

the magneti
 parameters of these ro
ks and soil samples. Both these data will be used in

the magneti
 modelling of the buried stru
tures and 
avities (1,2,3).
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We report on a 
ombined magneti
-GPR survey performed in July 2018 at a Roman 
as-

trum lo
ated 10 km north of Gjirokaster (Albania), 
lose to the village of Paleokastër. The

fortress is situated on a low promontory of alluvial deposits formed by the 
on�uen
e of the

Drinos and Kardhiq rivers, dominating the main north-south route through the provin
e.

Baçe (1) suggested that it was 
onstru
ted in the early fourth 
entury. Shortly afterwards

it was destroyed during the Gothi
 in
ursion of 378 AD. The fortress was 
onverted into

a Byzantine 
ivilian settlement during the �fth and sixth 
enturies. During this period,

two Christian 
hur
hes were 
onstru
ted, one inside and one outside the walls. Magneti


and GPR surveys were 
arried out at Paleokaster, in order to determine the arrangement

of buried stru
tures and re
onstru
t the ar
haeologi
al history of this settlement. Magneti


data were 
olle
ted in gradiometer 
on�guration using a Geometri
s G-858 
aesium vapor

magnetometer. We generated both verti
al gradient and total �eld anomaly maps. The

latter were produ
ed with the obje
tive to build a magnetization model of the buried stru
-

tures using a forward modelling approa
h (2, 3, 4). Radar surveys were 
arried out using

a GSSI SIR-4000 system equipped with a 400 MHz 
entral-frequen
y antenna.The �ltered

radar pro�les were then pro
essed to produ
e horizontal amplitude sli
e maps and 3D iso-

surfa
es. The 
olle
ted data 
onsistently revealed the existen
e of Roman age buildings

within the fortress, for example headquarters at the 
rossing between the vie pretoria and

prin
ipalis and other alignments 
orresponding to the soldier barra
ks. We also dete
ted

stru
tures laying beneath the Byzantine 
hur
h, most likely assi
iated with the previous

Roman seattlement. The general arrangement of the shallow stru
tures shows the typi
al

military organization of a Roman 
astrum, with the overprint of Byzantine buildings, al-

though some enigmati
 deeper stru
tures, possibly of Hellenisti
 age, are revealed by the

analysis of the amplitude sli
es.
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Over the past de
ade, �eld geology has experien
ed a digital revolution spurring new

methods for rapid data a
quisition and enhan
ed analyti
 
apability leading to fully digital

geologi
 maps and visualizations. During just the past several years, a surge of a

essible

and a�ordable UAV aerial platforms allow �eld resear
hers to rea
h new heights gaining

perspe
tive on out
rops and geologi
 s
enes never-before a

essible.

By integrating UAV-a
quired aerial imagery data sets using Stru
ture from Motion (SfM)

photogrammetry, geologists have the ability to build 3-dimensional georeferen
ed digital

out
rop models (DOM) of obje
ts large and small. SfM data returns 
ome as 3D point 
louds

and solid surfa
e re
onstru
tions that 
ompete with airborne and terrestrial laserderived

(Lidar) data sets whi
h are often 
ost-prohibitive and la
k the operational �exibility needed

to solve some geologi
 issues. Commer
ial-grade UAVS, however, provide a 
oste�
ient

solution that 
an be �own in a wide array of 
ir
umstan
es to gain the proper elevation and

range to a
quire ground surfa
e heights, verti
al out
rop data. and orbital surfa
e s
anning

to a
quire the ne
essary 
overage of 3D obje
ts.

We here present a suite of 3D digital out
rop models from several a
tive resear
h lo
ations

by the Uni
am Geology Division Reservoir Chara
terization Proje
t to illustrate the utility,

e�e
tiveness, and versatility of this new approa
h a
ross geos
ien
e. The featured sites

in
lude faulted deepwater 
lasti
 depositional systems, submarine mass transport 
omplexes,

and shallow water 
arbonate fa
ies. These DOMs serve not only as pretty pi
tures but rather

as volumes of quantitative out
rop data and the basis to measure and a
quire geologi
 data

and build interpretations. This method not only expands the view of a �eld geologist but

supplies enormous amounts of data that would otherwise take several weeks of �eld mapping

to 
olle
t.
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Heterolithi
 beds in sili
i
lasti
 ro
ks provide a unique opportunity to study fra
ture

propagation and growth in me
hani
ally di�erent stratigraphi
 layers that undergo the same

stru
tural deformation. Fra
ture distribution and lithology plays a signi�
ant role in �uid

�ow. Although only faults > 15 m are visible in seismi
 images, �uid �ow in below seismi


s
ale resolution faults are imperative when 
orre
tly predi
ting the produ
tivity of a natural

reservoir. In order to a

urately model subsurfa
e reservoirs, one needs a 
omprehensive

understanding of the e�e
ts of below seismi
 faults that are present in a fault system.

For this study, we have 
hosen two formations: 1) the Mio
ene Cilento group, lo
ated

in southern Italy in the Campania Region and 2) the Mio
ene Ma
igno formation, whi
h

out
rops in southern Tus
any. The Cilento group out
rops near the 
oast of the Tyrrhenian

sea and into the internal mountains. Here, the out
rops are made up of sandstone-peliti


and marly-
al
arenite turbidites, with 
onglomerate intervals that are generally deposited

unevenly throughout the se
tion in thin and medium layers.The Ma
igno out
rops between

the towns of Livorno and Piombino. It is represented by foredeep sili
i
lasti
 su

ession

dominated by turbiditi
 sandstones with minor siltstones, mudstones, and shales that are

evenly distributed throughout the se
tion. With these two study areas, we 
an study faults

from initial nu
leation to well-developed fault systems in both evenly and unevenly dis-

tributed heterolithi
 beds, that have undergone similar deformation phases. By 
omparing

these two types of heterolithi
 beds, we 
an study the how di�erent me
hani
al properties

in di�erently distributed beds e�e
ts fra
ture nu
leation and propagation in small (0 - 5 m),

medium (5.1 - 15 m), and large (15.1+ m) faults.
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The full des
ription of rough surfa
es of fra
tures and their apertures is a 
ru
ial step

toward enhan
ing our 
on
epts of the parameters whi
h 
ontrol �uid �ow through ro
ks.

The purpose of this study is to extra
t roughness properties of a natural rough ro
k surfa
e

by spe
tral analysis, and presents a new me
hanism of opening fra
ture aperture , whi
h

assumes that hydrostati
 pressure variations 
auses opening the fra
ture aperture by a tiny

parallel displa
ement ( less than 1% of length of fra
ture) to fra
ture surfa
e. The main

target of simulation is to investigate relation between the displa
ement, fra
tal dimension

and permeability. By using Fourier power spe
trum to analyzing fra
ture surfa
e topogra-

phy, that provides a reliable method to estimate roughness parameter 'fra
tal dimension'

whi
h is the main parameter 
ontrols the surfa
e roughness. Form this parameter ' fra
tal

dimension' will be used to generate syntheti
 fra
tures, those fra
tures will have the same

fra
tal dimension value of the original one but with di�erent parameters. Finally, a �uid �ow

simulation will be 
ondu
ted to estimate values of permeability of natural fra
ture and these

syntheti
 fra
tures to �nd a relation between parameters of surfa
e's roughness (espe
ially

fra
tal dimension) and �uid �ow properties.
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Water is an important 
omponent for 
ontrolling vol
ani
 eruption styles due to its

in�uen
e on magma vis
osity, liquidus temperatures and phase equilibria as well as the

di�usivity of melt 
omponents. Thus, knowledge of water solubility in sili
ate melts, and how

it varies with pressure (P), temperature (T), and melt 
omposition (X) is of fundamental

importan
e for understanding and quantitatively modelling 
ommon magmati
 pro
esses.

There exist 
onsiderable H2O solubility data for the most 
ommon magma 
ompositions

(e.g., basalt, 
al
-alkaline rhyolites) but data for more diverse 
ompositions (e.g., phonolites,

pantellerites/peralkaline rhyolites) are limited, even though 
onsiderable analyti
al data

show su
h magmas may be quite H2O-ri
h and 
apable of produ
ing strongly explosive

vol
ani
 eruptions. In order to develop quantitative models of H2O solubility for a wider

range of P-T-X 
onditions, we have been 
ondu
ting new experiments to measure H2O

solubility in peralkaline rhyoliti
 
ompositions, at P= 25-250 MPa, and T= 800-900

◦
C.

These data will be useful for better understand the pressure 
onditions of hydrous peralkaline

magma storage and degassing dynami
s during magma as
ent. Our new H2O solubility

experiments on pantelleriti
 melts, 
on
entrate mainly on the pressure and alkali (ratio

Na/Na+K) e�e
ts. Initial results indi
ate that higher Na and pressure favour higher water

solubility in these melts (Stabile et al., 2018) and solubilities on a wt% H2O basis (from 50

to 200 MPa) are 40-50% higher 
ompared with metaluminous rhyoliti
 melts.

To better 
hara
terize the water spe
iation in these glasses, Infrared and Raman Spe
-

tros
opy have been employed, with the aim of providing a 
alibration of IR/Raman mea-

surements of water in pantelleriti
 glasses. This is essential be
ause of the la
k of su
h

studies in literature. The preliminary results show that the extin
tion 
oe�
ients of both

the 4500 - and the 5200-
m-1 bands (assigned to mole
ular water and hydroxyl groups, re-

spe
tively) are signi�
antly di�erent from those for metaluminous rhyoliti
 glasses. These

results will help to enlarge the dataset for alkali-ri
h and sili
a-ri
h melts and fa
ilitate im-

proved quantitative measurements of water in peralkaline glasses using FTIR and Raman

spe
tros
opy.
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Among the di�erent types of 
ombustion output from Muni
ipal Waste In
inerators

(MWI), bottom ashes (BAs) are the primary form of solid produ
ts, typi
ally representing

15% of the input waste mass; other less abundant waste produ
ts in
lude �y ash (FA) and Air

Pollution Control (APC) residues. The BA are inhomogeneous materials and 
onsist mainly

of poly-
rystalline fragments, glass, sili
ate minerals, and metalli
 Fe, and lesser amounts of

many volatile metals, e.g. As, Cd, Cr, Hg, Ni, Pb, Zn. In this study we have investigated

two sets of BA samples derived from two in
inerator fa
ilities, one lo
ated in Rimini and

the other in Pia
enza. The main aim of the work was to mineralogi
ally and 
hemi
ally


hara
terize the produ
ts prior to and after vitri�
ation treatments 
arried out between

1000-1300

◦
C in a 1 atm mu�e furna
e. Vitri�
ation, among di�erent te
hniques used to

treat and homogenize waste produ
ts, is 
onsidered a valuable pro
ess to redu
e waste

volume and redu
e hazardous element 
on
entrations (Cl, S, volatile metals) for further

re-utilization of the BA waste. Mineralogy is 
onsidered the main way to investigate the

possible host phases for potentially hazardous elements in bottom ashes and, for this reason,

a detailed mineralogi
al study of solid residue wastes has been 
arried out by using X-Ray

Di�ra
tion (XRD) analysis.

XRD s
ans show that the main phases present are sili
ates, oxides and 
arbonates and

this is of interest for the 
hara
terization and reuse of bottom ash. In fa
t, high 
ontents

of stable sili
ates and oxides produ
e a positive e�e
t whereas 
on
entrations of sulfates

and 
hlorides have a negative impa
t on their properties and possibilities to be applied

in stru
tural and 
ivil engineering �elds. Furthermore, XRD analyses 
on�rm that the

thermally treated samples are generally glasses (broad ba
kground bands from 17

◦
to 38

◦

of 2T; e.g. Bish and Post, 1989) with only small peaks 
orresponding to tra
e amounts of

the refra
tory magnesio-ferrite phase. This is the only resistant mineral with high stability

temperature (stable to 1665

◦
C, Ambruz et al., 1980) whi
h may be found in the vitri�
ation

produ
ts.
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Starting from the theme of 
ir
ular e
onomy, emphasised in the 2030

Agenda

1
, we developed a two hours dida
ti
 a
tivity, 
arry out during

in-servi
e training for tea
hers (Summer s
hool 2018 in UNICAM). The

obje
tive was to present an a
tivity on Geomaterials and Georesour
es,

topi
s usually negle
ted in the middle s
hool programs (Fig. 1), as

starting point for an interdis
iplinary a
tivity for the Environmental

Edu
ation.

Di�erent wastes 
oming from pa
kaging (glass, plasti
, aluminum)

were 
olle
ted in order to fo
us tea
hers' attention to the use of geo-

resour
es and the energy required for the produ
tion of a kg of waste.

The Wasteberg

2
was then introdu
ed, built using 
ardboard divided in

two parts.

The upper part, smaller, 
ontaining some waste, the lower part,

larger, empty. The lower part is supposed to be �lled up with drops

as symbols of what was produ
ed, emitted or 
onsumed (su
h as Soil,

Water, CO2, et
.) to produ
e the obje
t glued in the upper part of the Wasteberg.

Then the IBSE question was proposed: how mu
h waste do I produ
e

when I throw away 1 Kg of waste? The question seems tri
ky but it

a
tually en
ourages to think about resour
es 
onsumption in the whole

produ
tive pro
ess. Tea
hers, in groups (Fig.2), were asked to integrate

some interdis
iplinary aspe
ts with 
ontents of math, history, geogra-

phy and te
hnology. The good results obtained from questionnaires

(Fig.3) are an indi
ation that this type of interdis
iplinary a
tivities

are a

epted with favor by the tea
hers whi
h possibly will use them in

their 
lasses, using a new interdis
iplinary approa
h for tea
hing Geos
ien
es.
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The 2016 Central Italy earthquake sequen
e, 
onsisted of three main sho
ks and thou-

sands of se
ondary events, produ
ed signi�
ant surfa
e ruptures along the SW-dipping nor-

mal Mt. Vettore-Mt. Bove Fault System (VBFS).

The seismi
 sequen
e started on the 24 August with a Mw 6.0 mainsho
k lo
ated at

1km west of A

umoli village. After this event, ∽N155
◦
-trending surfa
e ruptures, mostly

SW dip-slip kinemati
s, were re
orded for several kilometers along the southern portion of

the VBFS. Two months later (26 O
tober), a new mainsho
k of Mw 5.9 o

urred at 3 km

NW of Castel Sant'Angelo sul Nera village, 
aused dis
ontinuous ground ruptures along

the northern portion of the VBFS. After 4 days (30 O
tober) the largest sho
k of Mw=6.5

o

urred 
lose to the Nor
ia village. An almost 
ontinuous pattern of surfa
e ruptures was

observed for an overall length of 20-25 km along the whole VBFS, generally rea
tivating the

24 August and the 26 O
tober 2016 ground ruptures. Surfa
e rupture displa
ement exhibits

normal dip-slip kinemati
s, with an average 0.5 m throw.

In this work we present a 3D geologi
al model of the VBFS, powered by a former high

geologi
al and stru
tural knowledge of the area and a robust database about 
oseismi


fault rea
tivation (e.g. orientation, length, throw; Villani et al. 2018). Furthermore, a


omparison of the geologi
al and 
oseismi
 o�set by means of length/displa
ement pro�les

has been 
arried out, leading to the retrodeformation of the three faulting events.

The aim of this study is (i) to 
hara
terize the highly fragmented surfa
e ruptures ob-

served after the Mw=6.5 seismi
 event in terms of fault dimensional parameters and (ii) to


ompare the long-and short-term deformation along the VBFS. The a
hieved results 
on-

tribute to a better understanding of the existing relationship between super�
ial stru
tures

and deep seismogeni
 faults, with impli
ation for the seismi
 hazard evaluation and related

appli
ations along the axial zone of the 
entral Apennines.
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Our resear
h addresses the problem of optimizing the output regulation for under-

a
tuated systems, typi
al in the framework of autonomous robots, su
h as underwater vehi-


les and aerial vehi
les. When a system is undera
tuated, only subsets of the outputs 
an

be independently 
ontrolled. We investigate the problem of �nding the input that minimize

a 
ost fun
tion of the overall output tra
king error, and how su
h solution is related to the

inputs asso
iated to the singularly optimal regulation of ea
h output.

Figure 1: dynami
 
ompensator H(s) in the 
losed-loop system

[1℄ and [2℄ are some preliminaries results to obtain the optimal open-loop 
ontroller for


onstant, periodi
 and quasiperiodi
 referen
es in a single-input multi-output framework as

a linear 
ombination of singularly optimal 
ontrollers. In [3℄ the same approa
h has been

applied to �nd the optimal 
losed-loop 
ontroller for 
onstant referen
es, while [4℄ extends

the results in a multi-input, multi-output framework: while all the previous results use

a linear 
ombination of singular optimal 
ontrollers, this last work introdu
e a dynami



ompensator to handle time-varying referen
es with a 
losed-loop 
ontroller. In [5℄ we apply

the same ideas to the more 
hallenging 
ontext of LPV-systems.
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In the autonomous driving the main 
hallenge is vehi
le stabilization with ele
troni



ontrol systems - even when vehi
le stops - whi
h 
an enhan
e riders' safety. A mathemati
al

model whi
h 
aptures its main dynami
s is needed for 
ontrol system design, but su
h models

has not been thoroughly investigated at low speed without the use of the steering handlebar

1
.

In the work a validated model of a two wheels drive ele
tri
 motor
y
le has been derived

with the spe
i�
 goal of a model simple but able to 
apture all the dynami
s relevant to the


apsize motion of two-wheeled vehi
les. For these purposes, the work presents a 4 degrees of

freedom model dynami
ally similar to an inverted pendulum that 
onsiders both rear and

front wheel driving torques instead of rear driving torque and steering one as 
ontrol inputs.

Moreover, steering axis is initially set on a stri
tly positive steering angle and is 
onstant over

time. The study would also �nd out whether front wheel driving torque a
tuation with a

rotated steering axis 
an help balan
ing when steering torque is not a
tuated. The analyti
al

equations of motion are given by the Lagrangian approa
h: the result is a nonlinear se
ond

order ODE system in four unknowns - roll and yaw angles and rear 
onta
t point 
oordinates.

The mathemati
al model has been then validated by FastBike, a 
omputer simulation

multibody software for dynami
 analysis of two wheeled vehi
les whi
h in
ludes �ve bodies,

a nonlinear tyre model and nine degrees of freedom. The software has been suitably modi�ed

for low speed range. In validation pro
ess a sliding mode 
ontrol strategy has been designed

using the analyti
al model and then applied to the multibody one

2
: the simulations show

a good mat
h in roll and yaw angles 
omparisons. This indi
ates that the mathemati
al

model 
aptures the main dynami
s and 
an be used for model-based 
ontrol design.
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Gia
omo Leopardi (Re
anati, 1798 - Naples 1837) has been one of the major writers

and thinkers of the early 19th 
entury. Ex
eptionally talented, in his youth he studied, in

addition to Italian, Latin and Greek grammar and metre, exa
t and experimental s
ien
es. In

parti
ular, he deeply absorbed the Eu
lidean method and wrote short essays (Dissertazioni)


on
erning all the most relevant aspe
ts of theoreti
al and experimental physi
s known at

his times

1
. It is proposed herein that the s
ienti�
 reasoning a
quired in his youth has


ontributed de
isively to the philosophi
 thought of Leopardi, as it led the author to a

profound epistemologi
al awareness. Thanks to this, Leopardi was able to produ
e sound

assessments of the s
ienti�
 novelties of his age, whi
h in
luded the dis
overy of new galaxies,

�ndings of fossils of prehistori
 animals and the alleged observation of artefa
ts on the lunar

surfa
e. Moreover Leopardi, in his Zibaldone (an ample 
olle
tion of personal thoughts,

used as a framework for the artisti
 produ
tion) made bold statements on a number of open

s
ienti�
 questions, su
h as the possible existen
e of universes where Newton's law is not

veri�ed, a s
enario in whi
h the universe undergoes an inde�nite sequen
e of 
ollapses and

rebirths, the nature of the di�eren
es between human beings and other animals. Finally,

an aspe
t deserving parti
ular attention 
on
erns the epistemology of musi
, 
on
eived by

Leopardi as a phenomenon whi
h pertains not to Nature, but to a �se
ond nature�, whi
h

springs from the 
oupling of some basi
 a
ousti
 elements with the 
ultural �addi
tions�

of ea
h given epo
h. This point of view, elaborated in the Zibaldone, turns out to be very

fruitful in order to 
on
eive of harmoni
 s
ien
e as a modeling, even in a mathemati
al sense,

of musi
al phenomena, without redu
ing them to psy
ho-physi
al data out of history. It


onsequently proves parti
ularly useful for understanding the role of musi
 in the relationship

between an
ient and modern s
ien
e

2
.

In 
on
lusion, the re
onstru
tion of the epistemologi
al thought of Leopardi o�ers a

pre
ious o

asion for rethinking the 
on
ept of unity of 
ulture from a methodologi
al as

well as dida
ti
al point of view

3
.
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Model theory is a, 
omparatively young, bran
h of Mathemati
al Logi
 but is already

able to provide new and fertile methods and tools to other parts of Mathemati
s, for example

Algebra and Algebrai
 Geometry, in parti
ular in the theory of modules over a given ring.

This is the wider setting we are interested in, and we fo
us on modules over Bézout domains,

more generally over Prüfer domains - a 
lass of rings ri
h in important examples. On this

topi
 we 
ollaborated with G. Puninski (who died untimely one year ago), and we are

still working with F. Point (Mons-Paris Diderot). The model theory of modules over Bézout

domains is developed in 6). Several papers are devoted to de
idability of theories of modules

over su
h rings and many give a related des
ription of the Ziegler spe
trum of the underlying

ring. This is done in 5) and then more generally in 1) over valuation domains, in 7) over

Bézout domains obtained via the so 
alled D+M 
onstru
tion, in 4) over the ring of algebrai


integers and, �nally, in 2) over arbitrary Bézout domains (and indeed Prüfer domains) with

in�nite residue �elds. The �nite residue �elds 
ase is work in progress. Let us also mention

3) for a 
omplete analysis of the Ziegler spe
trum over the ring of 
omplex valued entire

fun
tions (where the de
ision problem makes no sense). See 8) for an extended report on

the whole matter.
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This paper addresses the analysis of the state of the art on the use of arti�
ial intelligen
e

to ta
kle problems whi
h may help in designing a de
entralized railway tra�
 management

system. Today's approa
h to tra�
 management is the imposition of the 
entralized de
isions

made by an infrastru
ture manager on trains' routing and s
heduling in 
ase of perturbation.

As a 
hange of paradigm, we are interested in de
entralizing this de
ision making having

trains autonomously rea
hing an agreement on their intera
tions. Thus, the goal is the study

of new ways for modelling rail tra�
 based on the idea of multi-agent systems. Initially, we

dis
uss the possibility of using the existing resear
h works on driving agents in road tra�


as a basis. The analysis of these works 
lari�es that the road tra�
 problems ta
kled with

multiagent systems in the literature are not the same as the one we are interested in for

railway. Spe
i�
ally, major di�eren
es exist in the need for 
ollaboration and agreement in

general. Hen
e, we fo
us on the more general literature 
on
erning these needs in multi-

agent systems, and in parti
ular on three di�erent de
ision making approa
hes. First, we

analyse the ri
h literature on 
onsensus problems. Then, we study the problem of rea
hing

a 
ommon de
ision in de
entralized systems in general using the approa
h of hierar
hi
al

self-organization. Finally, we 
onsider the possibility of applying task allo
ation te
hniques.

After this overview, we propose a brief analysis on further possible resear
h dire
tions, whi
h

may drive the design of promising models for de
entralized railway tra�
 management.

Keywords: Railway tra�
 management, Multi-agent system, Consensus problem, Hier-

ar
hi
al self-organization, Task allo
ation.
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Our study is addressed to develop a wearable devi
e for sign language translation for the

deaf-hearing support in ordinary life. Despite several studies o

urred in the last de
ades,

nowadays there is not a 
ommer
ial sign language translation system that 
ould improve the

deaf-hearing intera
tion. In literature there are systems that use 
ameras for data a
quisition

(e.g.[1℄,[2℄ and [3℄), but they la
k of portability. For this reason, other systems are designed

for gesture data a
quisition, su
h as the data glove. A data-glove is a glove with sensors


apable to give information about position, velo
ity, a

eleration and orientation of hand,

arm, shoulder and �ngers or some of them.

Talking Hands set

The preliminary results of our resear
h are presented in [5℄, where a prototype, 
alled

�Talking Hands�. The di�erent 
hallenges have been over
ame with simple solutions, sin
e

the main goal is an user-based produ
t. Even if a satisfying 
ommuni
ation experien
e 
an

be o�ered to the �nal user, the a
tual solution 
an not handle with dynami
 gestures, and

the future resear
h is addressed to solve this problem, without penalizing the usability of

the whole system.
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Our work 
onsists on evaluates the appli
ation of a family of VAR-mGARCH (multivari-

ate GARCH) volatility models, espe
ially a VAR-DCC model with Student's t innovations,

to the problem of modeling (i.e. generating s
enarios) and fore
asting three univariate but

mutually dependent wind speed hourly series, keeping into a

ount that optimal modeling

and optimal fore
asting are not ne
essarily attained by the same models and that they are

assessed by di�erent types of metri
s. This VAR-mGARCH family, originated in Finan
e,

in
ludes the VAR-BEKK model besides the VAR-DCC model, the latter seen as the sim-

pli�ed and more s
alable version of the former. The models of the family are 
ompared to

two ben
hmark model sets, the �rst set 
onsisting of three independent univariate Gaus-

sian AR-GARCH models, the se
ond set 
onsisting of an individual Gaussian VAR model

without GARCH se
tor. In order to highlight the usefulness of 
hoosing 
oupled volatility

s
hemes for modeling and fore
asting spatially and temporally varying wind speed data,

a 
ontrolled varian
e ele
tri
ity generation portfolio example of Markowitz type, typi
al of

Energy Finan
e, is also dis
ussed at some length.
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This work presents an analyti
al study aiming to predi
t the load history of a low-

velo
ity/large-mass impa
t on natural �ber reinfor
ed 
omposite plates in view of a �nal

appli
ation in the design of well performing wind turbine blades. Over the last de
ades,


omposites have be
ome one of the most intensively used materials in many industrial ap-

pli
ations. However, these materials show heavy limitations, su
h as low availability in the

environment, non-biodegradability, and high fabri
ation 
osts. Therefore, natural �bers (e.g.

�ax, hemp, jute) might represent valid 
andidates to substitute syntheti
 ones (e.g. 
arbon,

glass), being able to provide good me
hani
al properties while maintaining low produ
tion


osts

1−3.
Sin
e natural �bers have not been widely investigated from the analyti
al point of

view yet, the proposed approa
h represents a valid tool to furnish a preliminary evaluation

about the me
hani
al strength of green 
omposites when subje
ted to a low-velo
ity impa
t.

Both stati
 and dynami
 models previously introdu
ed in the literature

4,5
are here adapted

and validated when applied to hemp/vinylester 
omposite plates, aiming to predi
t a thresh-

old impa
t load for the damage onset and extent, and to draw an approximation of the load

displa
ement 
urve. Compared to previously 
ondu
ted experimental tests, the obtained

analyti
al data demonstrate to be 
onsistent and allow to predi
t useful information while

saving 
osts and times 
hara
terizing an experimental 
ampaign.

Referen
es

1. Boria, S.; Pavlovi
, A.; Fragrassa, C.; and Santulli, C. Modeling of Falling Weight

Imoa
t Behavior of Hybrid Basalt/Flax Vinylester Composites. Pro
edia Engineering

2016.

2. Samuel, O.D.; Agbo, S.; Adekanye, T.A. Assessing Me
hani
al Properties of Natural

Fibre Reinfor
ed Composites for Engineering Appli
ations. Journal of Minerals and

Materials Chara
terization and Engineering 2012, 11, 780-784.

3. Josmin, P.J.; Kuruvilla, J. Advan
es in Polymer Composites: Ma
ro and Mi
ro
om-

posites - State of the Art, New Challenges, and Opportunities. 2012, 1, 3-16.

4. Olsson, R.; Kuruvilla, J. Analyti
al predi
tion of large mass impa
t damage in 
om-

posite laminates. Composites Part A: Applied S
ien
e and Manufa
turing 2001, 32(9),

1207-1215.

5. Shivakumar, K.N.; Elber, W.; Illg, W. Predi
tion of Impa
t For
e and Duration Due to

Low-Velo
ity Impa
t on Cir
ular Composite Laminates. Journal of Applied Me
hani
s

1985, 52(3), 674-680



66

Mathemati
s and Literature. Words, formulas,

emotions

To�alori C.

1

1
S
hool of S
ien
e and Te
hnology, Mathemati
s Division, University of Camerino, Via Madonna delle

Car
eri 9, 62032 Camerino; e-mail:
arlo.to�alori�uni
am.it

We deepen the relationship between mathemati
s and literature, not only the sear
h for

positive or negative quotations on mathemati
s in literary masterpie
es, but above all the

analysis of a 
ultural bond rooted sin
e the beginning of human 
ulture: so Mathemati
s as

language and 
reativity, and poetry or prose as a 
al
ulation. �Ar
himedes was as endowed

with as mu
h imagination as Homer�, writes Voltaire in his Philosophi
al Di
tionary. This

resear
h perspe
tive is stri
tly linked to tea
hing, within the so-
alled "Li
eo Matemati
o

(�Mathemati
al High S
hool� national proje
t, aimed at promoting the unity of 
ulture. The


ollaborations in
lude Gabriele Lolli (formerly SNS Pisa), Paolo Zellini (Rome 2), Paolo

Maros
ia (La Sapienza Rome), Paolo Pagli (Siena), and again Carlo Casolo (Floren
e),

Claudio Citrini (Milan Polyte
hni
), Gian Italo Bis
hi (Urbino), Agnese Telloni (Polite
ni
a

Mar
he), and so on, plus other 
olleagues of Literature, su
h as Andrea Battistini and

Paola Italia (Bologna), Giulio Ferroni (La Sapienza Rome), Lu
ia Perrone (Salerno) and

many others. The proje
t was developed in 4 annual meetings held in Salerno, organized

with Paolo Maros
ia, Saverio Tortoriello and Gianni Vin
enzi and addressed to high s
hool

tea
hers and students. The 
ontributions to the �rst two meetings are 
olle
ted in 1) and

2) respe
tively. The referen
es from 3) onwards regard the papers of the Camerino group.
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Quantum Noise (QN) is one of the most important noise sour
es in the advan
ed in-

terferometri
 Gravitational Wave dete
tors. In the previous interferometer generation the

most relevant QN 
omponent was the shot noise, dominating in the high frequen
y region

(300 Hz-10 kHz) of the dete
tion band. The adopted solution to improve the sensitivity is

to in
rease the input laser power up to 125 W. This high 
ir
ulating power indu
es thermal

e�e
ts, su
h as opti
al aberrations and parametri
 instabilities. An alternative solution,

that would allow avoiding these drawba
ks, 
onsists into the inje
tion of squeezed va
uum

through the interferometer output port. The GEO Collaboration and the LIGO S
ienti�


Collaboration already demonstrated a �rst sensitivity enhan
ement of their dete
tors using

audio-frequen
y band squeezing. Now the Virgo S
ienti�
 Collaboration is working to imple-

ment this te
hnique in Advan
ed Virgo. A fa
ility for the produ
tion of squeezed va
uum in

the audio-frequen
y band is being developed and preliminary measurements have been per-

formed. This fa
ility represents a �rst step toward new squeezing te
hnique generation, also

aimed at de
reasing the radiation pressure noise, the QN 
omponent that would dominate

when the other noise sour
es, that now limit the sensitivity in the low frequen
y dete
tion

band, will be redu
ed.
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In this work we studied the stru
tural and ele
troni
 stru
ture (oxidation state) evo-

lution of 
arbon-
oated ZnFe2O4 nano-parti
les (ZFO-C) used as anode material in Li-ion

batteries upon lithiation and delithiation by X-ray absorption spe
tros
opy at Fe and Zn

K-edges. Previous works [1,2℄ have already shown that su
h material provides remarkable

ele
tro
hemi
al performan
es (spe
i�
 
apa
ity higher than 1000 mAg

−1
and high rate per-

forman
e upon long-term testing) exploiting both alloying and 
onversion lithiation me
ha-

nisms [3℄. However, the de�nite stru
tural 
omposition in the lithiated and de-lithiated state

was not yet fully understood due to a general amorphization and formation of nano-sized


rystallites [4℄.

X-ray absorption spe
tros
opy (XAS) is a suitable te
hnique to investigate the lo
al

atomi
 environment and the oxidation state around Zn and Fe atoms. This te
hnique has

already been used at the As K-edge to study the evolution of the solid ele
trolyte interphase

in the same anode material [5℄. XAS measurements have been performed at ESRF for both

Fe and Zn K-edge. The spe
tra have been 
olle
ted in transmission mode using standard

pou
h 
ells for in-situ measurements and a set of ex-situ ele
trodes on 
arbon paper 
urrent


olle
tor sealed in PE foil at di�erent stages of 
harge and dis
harge for 
omparison. The

study of the XANES joined to ab-initio EXAFS simulations allowed us to get detailed

information about the lo
al stru
ture, 
oordination number, oxidation state and variation

of 
hemi
al environment.

During lithiation ZFO-C showed di�erent behaviors. In the initial phase lithium ions

insert into the spinel stru
ture, stret
hing the 
ell and permanently inverting the spinel,

swapping of half of the iron atoms in tetrahedral sites with zin
 atoms in the o
tahedral

ones. Subsequently, in the voltage plateau, we have a 
hange of the oxidation states of iron

and zin
, with the redu
tion of ZFO into Fe

2+
and Zn

2+
in a ro
k-salt phase metal oxide,

as proposed by Bresser et al. [1℄. Finally, those metallize and aggregate into metalli
 nano-

parti
les dispersed in a matrix of amorphous Li2O. A further in
rease of 
apa
ity is given

by the alloying rea
tion between lithium and zin
. In the de-lithiation phase iron gradually

oxidizes and at the end of the pro
ess we obtain a mixture of Fe

2+
, Fe

3+
with residuals

of metalli
 iron. Likewise also zin
 shows the same trend presenting fra
tions of ZnO and

metalli
 zin
.
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As part of our ongoing resear
h about the development of tea
hing-learning sequen
es

(TLSs) [1℄ about astronomi
al phenomena [2-4℄, we fo
us on Cosmology and Universe (U&C)

as meaningful 
ontexts to tea
h up-to-date physi
s topi
s as nu
lear rea
tions, light spe
tra,

redshift and dark matter. We 
hose this subje
t be
ause it is, at the same time, a fas
i-

nating topi
 and a 
ontent area where even university students frequently hold a variety

of alternative 
on
eptions. Previous resear
h studies indi
ate that the majority of students

(about 70%) is unaware that the universe is expanding [5-7℄ and believes that matter, as we

know it, existed also before the Big Bang [6℄. In some 
ases, students struggle to read and


orre
tly interpret the Hertzsprung-Russell and Hubble's plots or 
onfuse a galaxy with the

solar system [8,9℄.

This study is guided by the following resear
h question (RQ): What is the students'

pre-instru
tional knowledge about U&C? To answer this RQ we have been designing a new

questionnaire to assess students' 
on
eptions about U&C.

On the basis of previous studies, we have developed a �rst draft of the questionnaire

with open-ended questions. Twenty questions were 
on
eived to target the following six

key ideas in 
osmology [9℄: 1) Big Bang theory; 2) evolution, expansion and age of the

Universe; 3) 
omposition of the Universe; 4) time and distan
e s
ales for the Universe; 5)

stars and galaxies; 6) dark energy and matter. The 
ontent validity of the questions was


he
ked with two professional astrophysi
ists. We piloted the questionnaire with about 118

high s
hool students (16-19 years) attending extra-
urri
ular a
tivities at our department

about advan
ed physi
s topi
s. To s
ore the students' answers we resort to a well established

method. First, we developed an initial rating rubri
 with three levels: 
orre
t; partial and

in
orre
t answer. Then we investigated the reliability of our �ndings through inter-rater

agreement.

Emblemati
 students' answers will be used to design suitable answer 
hoi
es for a multiple-


hoi
e version of our questionnaire. Students' answers to the multiple-
hoi
e answers ques-

tions will be then analyzed using Ras
h analysis. Our aim is to assess whether the hy-

pothesized key ideas form a 
oherent set of 
onstru
ts that 
onsistently des
ribe students'

understanding of U&C. Results will also inform tea
hing at undergraduate level and the

development of suitable resear
h-based TLSs at se
ondary s
hool level about the addressed

topi
s.
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After the dis
overy of graphene, two-dimensional (2D) materials have attra
ted huge

interest being promising 
andidate for the downs
aling of te
hnologi
al devi
es. Exfoliation

te
hniques to get thin spe
imens have boosted the resear
h in this �eld. Among these

materials, CrCl3 is fa
ing a renewed attention exhibiting weak van der Waals intera
tion

between the layers as well as in-plane ferromagneti
 order

1
. We have exfoliated few layers of

CrCl3 �akes from its bulk 
ounterpart on the pre
leaned Si substrate with 270nm thermally

oxidized diele
tri
 SiO2 layer.

We used to store the material under

the glove box to avoid the oxidation be-


ause 
hromium trihalides are very prone to

oxygen and atmospheri
 humidity. Flakes

of CrCl3 were transferred on the substrate

through me
hani
al exfoliation by using

s
ot
h tape. After transferring the �akes

on the substrates, we preferred to 
lean the

samples under three subsequent baths on

the hot plate at 40

o

C for 10 minutes in

aforementioned liquids. By following this

pro
ess, we remove the glue between the

substrate and layers.To identify the transferred layers, we followed the previous mentioned re-

liable te
hniques

2
i.e. opti
al mi
ros
ope, atomi
 for
e mi
ros
opy and Raman spe
tros
opy.

Figure 1(a) shows the opti
al image of CrCl3 thin �ake, whi
h attain the opti
al 
ontrast

∽0.026. In Figure 1(b), we showed the AFM image of same �ake. By the analysis, we found

that the thi
kness of the layer varies from 80-100 nm. Here, we 
on�rmed the few layers of

CrCl3 with opti
al analysis.
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An opto-ele
tro-me
hani
al system formed by a nano-membrane 
apa
itively 
oupled

to an LC resonator and to an opti
al interferometer has re
ently been proposed and em-

ployed for the highly sensitive opti
al readout of radio-frequen
y signals. We propose and

experimentally demonstrate how the bandwidth of su
h a transdu
er 
an be in
reased by


ontrolling the interferen
e between two ele
trome
hani
al intera
tion pathways of a two-

mode me
hani
al system. We have realized a devi
e based on a SiN nanomembrane 
oated

with a 30 nm-thi
k Nb �lm whi
h is 
oupled to an LC resonator and opti
ally readout by

an interferometer. Operating this proof-of-prin
iple devi
e at room temperature, we a
hieve

a sensitivity of 300 nV/Hz over a bandwidth of 15 kHz in the presen
e of radio-frequen
y

noise, and an optimal shot-noise-limited sensitivity of 10 nV/Hz over a bandwidth of 5 kHz.

We dis
uss strategies for improving the performan
e of the devi
e, showing that, for the

same given sensitivity, a me
hani
al multimode transdu
er 
an a
hieve a bandwidth signi�-


antly larger than that for a single-mode one by 
reating 
onstru
tive interferen
e between

the two opto-ele
tro-me
hani
al intera
tion pathways. The nature of the interferen
e 
an

be 
ontrolled by 
hoosing proper ele
trode 
on�gurations with respe
t to the membrane

vibrational modes involved and we also show that su
h an interferen
e allows to 
reate

nonre
ipro
al transmission between opti
al and radio-frequen
y signals.
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Thanks to its higher ele
tron and hole mobilities and its lower operating voltages, ger-

manium is gaining in
reasing 
onsideration for repla
ing sili
on for less energydemanding

solid state devi
es. A series of �rst-prin
iples mole
ular dynami
s simulations have been


arried out for a relatively large system 
onsisting of 240 GeO2 atoms. We have 
overed the

entire range 10-4000K by ab-initio simulations using norm 
onserving, separable, dual-spa
e

gaussian pseudopotentials for the BLYP ex
hange-
orrelation fun
tional. The high tem-

perature results show stru
tural properties whi
h are in good agreement with experimental

results en
ouraging for further simulations at lower temperatures to get a representative

GeO2 system.
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Nowadays X-ray Absorption Spe
tros
opy (XAS) is a powerful and established tool to

investigate solid and liquid matter at high pressure and high temperature (HP-HT). Su
h ex-

periments rely on the high pressure te
hnology whose 
ontinuous development has extended

the a
hievable range up to the multi Mbar regime. In su
h devi
es, the high temperature


onditions needed to a

ess the molten state are typi
ally obtained by using internal resistive

heaters or by laser heating the sample. We have re
ently developed an internally heated

diamond anvil 
ell (DAC) allowing measurements up to 1100 K (or even more) with the 
apa-

bility to performed heating and 
ooling ramps faster or 
omparable to what 
an be done with

large volume 
ells or external heating in DAC. Su
h fast heating/
ooling rates are suitable

for studying melting/
rystallization dynami
s when 
oupled with an energy dispersive XAS

setup. Within this 
ontribution, we des
ribe this internally heated DAC devi
e whi
h has

been realized and tested in experiments on molten Selenium (Se) performed at the energy

dispersive ODE beamline of Syn
hrotron SOLEIL. We also present some results obtained

from the experiments 
arried out on elemental Se using a large volume Paris-Edinburgh

press.
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Students of Italian se
ondary s
hool have di�
ulty dealing with the study of waves and

modern physi
s. These are two interrelated subje
ts be
ause of the wave-parti
le duality of

quantum systems. Hen
e, a sound knowledge of wave phenomena is a mandatory prerequisite

for learning quantum me
hani
s. We developed 
on
eptual problems on these topi
s and

tested them in a design-based resear
h framework1, in order to understand:

I What naïve 
on
eptions do students hold related to this subje
t matter?

II Is the dis
ussion of 
on
eptual problems e�e
tive in improving learning out
omes?

We proposed the a
tivity on waves to fourth-year students (278 students for Module

1 and 261 for Module 2) and the a
tivity on modern physi
s to �fth-year students (139

students for Module 3 and 77 for Module 4). All students had previously re
eived formal

instru
tion on these topi
s. Students worked out the problems in groups, then they were

involved in a guided 
lassroom dis
ussion. To assess the e�e
tiveness of our intervention, we

developed a multiple-
hoi
e questionnaire, whi
h was administered as pre- and post-test. We

performed a 
lassi
al item and distra
tor analysis and 
al
ulated the e�e
t size via Cohen's

d. Our �ndings so far 
on�rm what is known from resear
h literature on the 
ommon naïve


on
eptions on these topi
s, like the idea that the frequen
y a�e
ts the propagation speed

of a wave in a homogeneous medium2 and that every spe
tral line is asso
iated to an atomi


energy level3. Our analysis also reveals that the dis
ussion of 
on
eptual problems 
an be

e�e
tive in improving student understanding (the e�e
t size is 1.8 for Module 1, 0.9 for

Module 2, 1.0 for Module 3, 2.4 for Module 4). In the future, we plan to fo
us on a smaller

sample, re
ording interviews and �eld observations, and analyzing them qualitatively, to

investigate how students' ideas evolve during the a
tivity.
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The lifetime and safety of batteries must be priority matter of investigation, if possible,

even more than 
apa
ity itself. Use of LMO (Lithium Manganese Oxides) as a reasonable

substitute of LCO in positive ele
trodes make us extremely 
on�dent about the future im-

provement of safety in all the appli
ations. In these 
lasses of systems, transformation from

the spinel to the layered stru
ture requires Mn migration from one o
tahedral site to an-

other, through an intermediate tetrahedral site. This pro
ess has a high energy barrier and

will not likely take pla
e unless it is aided, for example, by 
harge disproportionation in the

tetrahedral site. Su
h 
ir
umstan
es are unlikely in the bulk of the sample, in whi
h most

of the Mn ions are in the 4+ oxidation state, therefore explaining why the spinel stru
ture

retains its phase in the bulk. However, previous XPS analyses, indi
ated that near the parti-


le surfa
es the valen
e of Mn is lowered to Mn3+ and Mn2+, enabling the requisite 
harge

disproportionation pro
ess and making manganese migration possible. [1℄ From these sig-

natures we intend to depi
t the lands
ape of possible future advan
ements like high lithium

transfer in LMO ( more than 50than in Co 
ould promote Mn among the safest ele
trodes.

Under standard battery operation 
onditions, we have applied in-situ soft X-ray Absorption

Spe
tros
opy (XAS) revealing enhan
ed Mn(II) 
ontent at LMO/liquid ele
trolyte inter-

fa
es during battery 
harging, and redu
ed Mn(II) surfa
e 
on
entration during dis
harge

[2℄ when working at low voltage . This is paradoxi
al, as more Mn(IV) are expe
ted during

the 
harging pro
ess. In the present work we use of an alumina 
oating to redu
e Mn(II)

from an amount of almost 100In parti
ular we fo
us on the morphologi
al impli
ations o
-


uring in the 
harge/dis
harge pro
ess. In parti
ular during the Li ions inter
alation in the


athode at 3V through the 8a-16
- 8a-16
 path produ
es a fast di�usion of Li that will bring

to a �rst order transition to a 
ubi
 stru
ture and 
onsequent volume expansion. In this

study we observed by SEM a straightforward modi�
ation of the morphology due to the

opening of Li+ 
hannel at dis
harge. Organization of morphology is as following: 
luster

of nanoparti
les 20-40 nm are organized to globular stru
tures of diameter > 150 nm while

individual nanoparti
les whi
h are outside the globular stru
tures are also seen but slightly

sparse.
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Multi-element systems of mi
ro/nano-me
hani
al resonators o�er promising prospe
ts

for enhan
ed optome
hani
al performan
es, 
oherent 
ontrol, and for the exploration of

multi-os
illators syn
hronization. The standard path for rea
hing the strong single-photon

optome
hani
al 
oupling regime is to 
onsider 
o-lo
alized opti
al and vibrational modes

with a large spatial overlap 
on�ned in very small volumes, 
orresponding to me
hani
al

modes with extremely small e�e
tive mass. An alternative solution, 
apable of providing

systems with orders of magnitude in
reased ratio between the single-photon optome
hani
al


oupling rate, and the 
avity de
ay rate, is to exploit quantum interferen
e in multi-element

optome
hani
al setups. Although the simplest two-membrane sandwi
h in an opti
al 
avity

is a paradigm for the realization of strong-
oupling optome
hani
s, and the observation

of 
olle
tive me
hani
al e�e
ts (su
h as syn
hronization), no experimental studies of these

phenomena have been reported till now. Previous related results were 
on�ned only to the

opti
al and me
hani
al 
hara
terization of two-membrane sandwi
hes. Here we report on the

�rst experimental 
hara
terization of the opti
al, me
hani
al, and espe
ially optome
hani
al

properties of a sandwi
h 
onstituted of two parallel membranes within an opti
al 
avity. We

show how the resonan
e frequen
ies of the opti
al 
avity are shifted as a fun
tion of the

position of the two membranes. This e�e
t is 
entral to the des
ription of the optome
hani
al

properties of the system, sin
e it provides a dire
t estimation of the strength of the 
ouplings.

By investigating the shifts of the 
avity resonan
es, we �nd that the optome
hani
al 
oupling

strength is enhan
ed by 
onstru
tive interferen
e when the two membranes are positioned

to form an inner 
avity whi
h is resonant with the driving �eld. Spe
i�
ally, we determine

a gain of ∽2.47 in the 
oupling strength of the relative me
hani
al motion with respe
t to

thesingle membrane 
on�guration. We �nally prove both the 
apability to tune on demand

the single-photon optome
hani
al 
ouplings, and the simultaneous opti
al 
ooling of the

fundamental modes of the two distin
t membranes.
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Ma
hine learning te
hniques are at the 
ore of various everyday life te
hnologies, like

spee
h re
ognition software, on-line re
ommender systems (e.g., youtube and Net�ix), and

autonomously driving 
ars. They have already proven to be useful tools also for 
ondensed-

matter and quantum-
hemistry resear
h. Here, they have been employed to solve hard


omputational tasks, su
h as determining for
e �elds for mole
ular dynami
 simulations1,

predi
ting protein-ligand a�nities in 
omputational drug design2, or 
omputing atomization

energies of 
rystals and mole
ules3. In this work, we explore the use of supervised ma
hine

learning to predi
t properties (su
h as energy levels or dynami
al response fun
tions) of


omplex quantum manybody system. The main fo
us is on experiments performed with

ultra
old atomi
 gases trapped in disordered external �elds 
reated using opti
al spe
kle

patterns. Spe
i�
ally, a deep neural network is trained to reprodu
e the low-lying energy

levels of a quantum parti
le in the spe
kle �eld, using as a training set a large number of

instan
es of the spe
kle �eld whose energy levels have been preventively determined via a

high-order �nite di�eren
e te
hnique. Remarkably, we �nd that a neural network with a suf-

�
ient number of hidden layers 
an a

urately predi
t the energy levels of previously unseen

instan
es of the spe
kle �eld. This �nding paves the way to new strategies to speed up 
om-

putationally expensive quantum me
hani
al 
al
ulations for ab-initio atomisti
 simulations

and for 
omputational do
king in drug design resear
h.
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In the latest several years, diagrammati
 theories based on the t matrix approximation

with di�erent degrees of self-
onsisten
y have been developed to des
ribe a Fermi gas through

the BCS-BEC 
rossover [1,2,3,4℄. A 
omprehensive 
omparison between the results obtained

by the di�erent approa
hes for both thermodynami
al and dynami
al quantities is, however,

still la
king. In the present work, we 
onsider all the possible ways of implementing self-


onsisten
y in the t matrix approximation and we 
ompare the out
omes of the di�erent

approa
hes between ea
h other (and with the available experimental and Quantum Monte

Carlo data) through the whole BCS-BEC 
rossover. In this way, we expe
t to provide a

guideline on the virtues and the drawba
ks of ea
h s
heme that 
an help future resear
h in

this �eld.
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In a previous work it was shown that the realization of the graphene topology on a

Beltrami pseudosphere may lead to experimenting the analogue of the Hawking-Unruh e�e
t

on a 
ondensed matter system [1℄. This e�e
t predi
ts that quantum �elds in 
urved spa
e-

time with an horizon exhibit a thermal 
hara
ter due to the quantum va
uum and to the

relativisti
 pro
ess of measurement. The aim of this work is thus to produ
e a 3-
oordinated


arbon stru
ture on a Beltrami pseudosphere to �nd the minimal energy 
on�guration of

the atoms on this surfa
e, showing that it is energeti
ally stable and, thus, that 
an be

obtained experimentally. Heptagonal and pentagonal defe
ts (represented in blue in the

�gure below) emerge on the surfa
e due to the negative 
urvature [2℄. We devise a new

algorithm to s
ale-up the pseudospehere dimensions rea
hing a radius of the event horizon

(maximum 
ir
umferen
e) R 200 nm. Next, we study the 
urvature e�e
ts on the ele
troni


properties of the system, whi
h should bring about a thermal spe
trum in the form of �nite

temperature ele
troni
 Lo
al Density of States [1℄.

Referen
es

1. A. Iorio, G. Lambiase, The Hawking-Unruh phenomenon on graphene, Phys. Let. B,

716 (2), September 2012

2. S. Taioli, R. Gabbrielli, S. Simonu

i, N.M. Pugno, A. Iorio, Loba
hevsky 
rystal-

lography made real through 
arbon pseudospheres, J. Phys.: Condens. Matter, 28,

2016



81

Probing the lithium storage me
hanism in

transition metal doped ZnO anodes by x-ray

absorption spe
tros
opy and di�ra
tion

Trapananti A.

1
, Giuli G.

2
, Bresser D.

3,4
, Mueller F.

3,4
, Eisenmann T.

3,4
, Passerini S.

3,4

1
S
hool of S
ien
e and Te
hnology, Physi
s Division, University of Camerino, Via Madonna delle Car
eri,

62032 Camerino; e-mail: angela.trapananti�uni
am.it

2
S
hool of S
ien
e and Te
hnology, Geology Division, University of Camerino, Via Gentile III da Varano,

62032 Camerino; e-mail: gabriele.giuli�uni
am.it

3
Helmholtz Institute Ulm (HIU), Helmholtzstrasse 11, 89081 Ulm

4
Karlsruhe Institute of Te
hnology (KIT), P.O. Box 3640, 76021 Karlsruhe

Li-ion batteries (LIB) are the state-of-the-art power sour
es for portable ele
troni
s.

Nonetheless future large s
ale appli
ations su
h as, for instan
e, ele
tri
 vehi
les require

novel 
athode and anode materials with enhan
ed energy and power density along with

long term 
y
ling stability. For the anode site, a new 
lass of materials, 
ombining the


onversion and alloying rea
tion me
hanisms in one single a
tive 
ompound has gathered


ontinuously in
reasing interest. Within these materials, transition-metal-doped zin
 oxide

has been reported as a very promising alternative anode material for Li-ion batteries

1
. The

introdu
tion of Fe or Co into the wurtzite stru
ture results into an enhan
ed reversible


apa
ity ex
eeding 900 mAh/g (almost three times higher than in pure ZnO) and improved


y
ling stability even at high rate. The further optimization of su
h 
lass of materials

requires the understanding of the ele
tro
hemi
al (de-)lithiation rea
tion me
hanism at the

atomi
 s
ale.

Within this 
ontribution, we report the results of our re
ent XAS and XRD investiga-

tions of Zn1−xFexO and Zn1−xCoxO. Samples were prepared through su
rose assisted wet


hemi
al synthesis. Crystalline stru
ture and average 
rystallite size were determined by

re�nement of the XRD patterns measured for di�erent dopant spe
ies and 
on
entrations.

Syn
hrotron radiation X-ray absorption spe
tros
opy (XAS) has been used to probe oxi-

dation state and lo
al stru
tural environment of the transition metals both on the pristine

material

2,3
and on anodes measured ex-situ and in operando during galvanostati
 
y
ling

4
.

The present study provides a full 
hara
terization of the di�erent 
rystalline but also amor-

phous and nano
rystalline phases that 
ommonly form upon Li-uptake/release and fun-

damental insight into the me
hanism of the 
onversion/alloying rea
tion in this 
lass of

materials.
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X-ray absorption spe
tros
opy (XAS) has the 
apability to provide pre
ise atom spe
i�


information on the average distribution of the nearest neighbours, and beyond the pair


orrelations when 
ombined with suitable data analysis strategies. In our previous studies,

Reverse Monte Carlo (RMC) modelling of XAS data

1
has been applied to provide a 
omplete

insight into the atomi
 
orrelations at the mi
ros
opi
 level and address important issues,

su
h as the presen
e and extent of lo
al i
osahedral ordering in liquid 
lose-pa
ked metals

2,3
.

Within this 
ontribution, we report our re
ent developments of the RMC-GNXAS method

4

and newly added features in
luding multi-atomi
 and multiple-edge re�nements. A few ap-

pli
ations of RMC to XAS and di�ra
tion data of several gas-phase mole
ules and binary

alloys will be presented.

RMC-GNXAS has been used for the analysis of x-ray absorption spe
tros
opy (XAS)

multiple-edge data sets for six gas phase mole
ular systems (SnI2, CdI2, BBr3, GaI3, GeBr4,

GeI4)
5
. Sets of thousands of mole
ular repli
as were involved in the simultaneous re�ne-

ment of XAS data and ele
tron di�ra
tion results. The validation of this approa
h on

simple mole
ular systems is parti
ularly relevant as a basis for the method appli
ation to

more 
omplex and extended systems in
luding metal-organi
 
omplexes, biomole
ules, or

nano
rystalline systems.

For liquid Sn-based metalli
 binary alloys

6
, the 
ombination of XAS and RMC allowed

us to obtain three-dimensional models of the lo
al stru
ture 
ompatible with present exper-

imental eviden
e over
oming some limitations of standard approa
hes.
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Feedba
k loops based on real-time 
ontinuous measurements are 
ommonly used for sta-

bilization of 
lassi
al and quantum systems. Typi
ally a system is 
ontinuously monitored

via a probe ele
tromagneti
 �eld, and the a
quired signal drives the a
tuator whi
h in turn

drives the system to the desired target. Here we demonstrate a novel 
losed-loop 
ontrol

s
heme in whi
h the a
tuator a
ts on the probe �eld itself in order to engineer its phase

and amplitude �u
tuations. The resulting feedba
k-
ontrolled in-loop �eld is then exploited

to manipulate the system and improve its performan
e. In-loop opti
al �elds have already

been employed in the negative feedba
k regime for noise suppression and stabilization, the

so-
alled �squashing�. Here, instead, we operate in the �anti-squashing� regime of positive

feedba
k and in
reased �eld �u
tuations, and demonstrate the potentiality of this new te
h-

nique by improving the sideband 
ooling of a nanome
hani
al membrane by 7.5 dB. In

the fully quantum regime, feedba
k-
ontrolled light would allow going below the quantum

ba
k-a
tion 
ooling limit. We also show that a weakly 
oupled optome
hani
al system at

room temperature 
an manifest normal-mode splitting when the pump �eld �u
tuations are

antisquashed by a phase-sensitive feedba
k loop operating 
lose to its instability threshold.

Under these 
onditions the opti
al 
avity exhibits an e�e
tively redu
ed de
ay rate, so that

the system is promoted to the strong 
oupling regime. In this regime one 
an observe 
o-

herent energy ex
hange and optome
hani
al os
illations also with a weakly 
oupled system,

Finally, we des
ribe how the feedba
k that operates by measuring the light leaking through

a 
avity output may be properly engineered to enhan
e the ponderomotive squeezing of the

light leaking through another 
avity output.
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