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Programma Giornata del Dottorato di Ricerca in Fisica
29 Novembre 2013
Sala Conferenze Biblioteca Centralizzata, Messina

11:00 Relazioni di apertura

Prof. G. Maisano, Direttore del dipartimento di

Fisica e Scienze della Terra dell®Universita di Messina

Prof. L. Mondello, Delegato alla Ricerca Scien-
tibca, Area Tecnologico-Scientibca dellOUniversita di
Messina

Prof. L. Torrisi, Coordinatore del Dottorato di
Ricerca in Fisica dellOUniversita di Messina
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K. Khouzami (Structural and rheological proper-
ties of dually cross-linked guar grum-based hydro-

gels)
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racterization of CslI(Tl) crystals of FARCOS array
using charged particle beams at LNS)

C. Triolo (Light-matter interaction and novel light
sources: from design to the device)

Dottorato Ciclo XXVI

F. Curciarello (Update of the upper limit on U-

Boson coupling factor using thee*e | ptp'!
process.)
M. Cutroneo (Alluminium foils irradiated at Pals

laboratory diagnosed by Thomson Parabola Spec-
trometer)

V. De Leo (Performance of a BGO detector and
preliminary extraction of the "" beam asymmetry o!
proton at GRAAL )

R. Sayed (Intracavity Optical Trapping with Yt-
terbium Doped Pber Ring Laser)

R. Stassi (Spontaneous Casimir Elect)

13:00 Break
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Cicli XXVI, XXVII, XXVIII

15:15 Valutazione attivita
Dottorandi XXVIII Ciclo

Relazioni Orali
Dottorato Ciclo XXVII
Chairman Prof. L. Torrisi
15:30 M.T. Caccamo (Complementarity of Ther-
mal restraint and RENS Approaches by Modeling
Analysis)

16:00 D. Finocchiaro
DPPC-octanol bilayers)

(Dynamical models of
16:30 A. Magazze (Non-Conservative Elect in
Optical Trapping of Silicon Nanowires)

17:00 C. Scolaro (Surface wet-ability of biocom-
patible materials)

17:30 C. Speranza (Theoretical and computational
study of a double-Gaussian RBuid)

18:00 Riunione Collegio Docenti
per valutazione attivita
Dottorandi Ciclo XXVII

18:15 Interventi di Chiusura

Coordinatore e Docenti del Collegio

18:30 Conclusione dei lavori
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Relazioni di apertura

1.1 Apertura dei lavori di partecipazione alla 4 & Giornata di Studio

del Dottorato

Prof. G. Maisano

Direttore del Dip.to di Fisica e di Scienze della Terra, Universita di Messina, Italy
E-mail: giacomo.maisano@unime.it

1.2 Saluti di benvenuto e relazione del Delegato alla Ricerca Scien-
tibca, Area Scienze e Tecnologia

Prof. L. Mondello

Delegato alla Ricerca Scientibca, Area Scienze e Tecnologia, Universita di Messina, Italy
E-mail: luigi.mondello@unime.it

1.3 Intervento del ccordinatore sullOimportanza della Giornata di Stu-
dio del Dottorato di Ricerca in Fisica

Prof. L. Torrisi

Coordinatore del Dottorato di Ricerca in Fisica, Universita di Messina, Italy
E-mail: lorenzo.torrisi@unime.it
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42 Giornata di Studio del Dottorato di Ricerca in Fisica
dellQUniversita di Messina, 29 Novembre 2013,
Biblioteca Centralizzata

Lorenzo Torrisi
Coordinatore del Dottorato di Ricerca in Fisica
Dipartimento di Fisica e Scienze della Terra,
V.le F. Stagno DOAIcontres 31, S. Agata, Messina
e-mail: lorenzo.torrisi@unime.it

Ancora una volta, con la presente quarta giornata di studio del Dottorato di Ricerca in Fisica dellOUniversita
di Messina, confermiamo la volonta di riunirci per aggiornarci sulle attivita di ricerca che i nostri dottorandi
stanno svolgendo. In questa occasione possiamo valutare e riconoscere gli sforzi che i dottorandi dei tre ar
stanno elettuando nei vari settori di ricerca che caratterizzano le aree di Fisica del Nostro Ateneo, in sinergia con
diversi enti di ricerca, come IQlstituto Nazionale di Fisica Nucleare (INFN) e il Consiglio Nazionale delle Ricercht
(CNR) e in collaborazione con diversi laboratori Europei ed extra Europei, come IOAccademia delle Scienze de
Repubblica Ceca (ASCR), il Joint Instiute for Nuclear Research (JINR) di Dubna e il Massachusetts Institute
of Technology (MIT) di Boston.

Come ben sapete il Dottorato di Ricerca rappresenta il piy alto livello della
formazione universitaria. LOattivita didattica svolta, comprensiva di eventuali
periodi di studio allestero, e bnalizzata all®acquisizione delle competenze nece-
ssarie per esercitare attivita di ricerca di alta qualibcazione e si conclude con
IGelaborazione di una tesi bPnale. Ogni dottorando durante il Suo percorso e se-
guito da un docente, il Tutore, e da un Collegio docente che ne accerta IQimpegno,
la crescita e il riconoscimento accademico. Tutti i nostri Post-doc trovano occu-
pazione lavorativa in Italia e all®estero, come una recente indagine interna ci ha
confermato.

QuestOanno ci sono state delle novita nell®ambito dei Dottorati di Ricerc
in ltalia. E stato pubblicato nella Gazzetta U"ciale n. 104 del 6 maggio
2013, D.M. 8 febbraio 2013, n. 45, il Regolamento sulle modalita di accredi-
tamento delle sedi e dei corsi di dottorato e criteri per la istituzione dei
corsi di dottorato da parte degli enti accreditati. Secondo tale DM tultti i
corsi di dottorato dovranno essere istituiti da enti (universita e consorzi fra
universita, ma anche qualibcate istituzioni italiane di formazione e ricerca
avanzata) accreditati al MIUR, su conforme parere dellDANVUR (Agen-
Ministero dell'Istruzione zia Nazionale di Valutazione del Sistema Universitario e della Ricerca), a
Universita e Ricerca partire dall®anno accademico 2014/2015.

Diventano requisiti necessari per I0accreditamento:

¥ un collegio del dottorato composto di almeno 16 docenti;
¥ adeguati Pnanziamenti;

¥ adeguate strutture operative e scientibche;

¥ programmazione di attivita di formazione disciplinare e interdisciplinare, di perfezionamento linguistico e
informatico, di gestione della ricerca, conoscenza dei sistemi di ricerca europei ed internazionali, valoriz
zazione della ricerca e della proprieta intellettuale.
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LOaccreditamento € concesso con decreto del Ministro, su conforme parere dellDANVUR ed ha durata quinquen-
nale. E tuttavia prevista la veribca annuale della permanenza dei requisiti.

La perdita anche di un solo requisito determina la revoca
dellOaccreditamento sempre in ossequio al DM adottato su parere
conforme dellDANVUR. Oggi, ancor piu di ieri, col nuovo XXIX Ciclo, il
nuovo decreto sull®accreditamento dei corsi di dottorato allinea il nostro
Paese ai migliori standard europei, che prevedono il riconoscimento del
dottorando come ricercatore in formazione, professionista nelldUniversita e
non studente, secondo quanto stabilito dalla Carta Europea dei Ricercatori
nella quale si legge:

OTutti coloro che hanno abbracciato la carriera di ricercatore devono essere riconosciuti professionisti ed essere
trattati di conseguenzaO.

La stessa Comunita Europea richiede che i dottorandi, anche italiani, che ricevono borse coperte da fondi co-
munitari debbano necessariamente essere inquadrati mediante un contratto di lavoro.

Sempre di piy il Dottorando ed il Collegio docente deve confrontarsi
con un contesto internazionale in occasione di congressi, scuole, corsi
e stages.

Deve aspirare a partecipare a ricerche sempre piy competitive con i
gruppi che lavorano in quel settore a livello internazionale.

Deve pubblicare i risultati delle sue ricerche su riviste internazion-
ali quotate e possibilmente ad alto fattore di impatto e deve essere
sempre piu capace di difendere |Qoriginalita delle sue misure e teorie
mirando a tenere alto quello che in avvenire sara il suo citation in-
dex.

LOH-index, per esempio, rappresenta un indice internazionale pro-
posto per quantibcare la prolibcita e [Oimpatto del lavoro degli scien-
ziati, basandosi sia sul numero delle loro pubblicazioni che sul numero
di citazioni ricevute attraverso il quale possiamo renderci conto della valenza della propria attivita scientipca.

NellQodierna giornata di studio assisteremo alla presentazione di lavori, spiegati con posters, da parte dei dot-
torandi del primo anno, Ciclo XXVIII, e del terzo anno, Ciclo XXVI.

| primi si stanno avviando allQattivita di ricerca e pertanto presenteranno
argomenti di proprio interesse, proposte di esperimento e primi risultati
di approccio agli argomenti che vorrebbero investigare. Nel pomeriggio
dichiareranno la scelta del Tutor e IOargomento di ricerca che svolgeranno
nei prossimi anni e saranno valutati per la loro attivita didattica per
accedere al secondo anno.

| dottorandi del terzo anno, che attualmente sono impegnati a scrivere le
loro tesi, presenteranno in poster una sintesi della loro attivita matura e
ormai in fase conclusiva per il dottorato ma in decollo per la loro futura
carriera. Giorno 5 Dicembre presenteranno il loro lavoro di tesi con un
seminario approfondito che valutera il loro impegno totale e li proiettera
verso IOesame bnale nazionale per il conferimento del titolo.

Alcuni di loro hanno vinto dei premi internazionali questOanno ed
altri hanno chiesto il titolo di Doctor Europaeus a conclusione di
unOintensa attivita di ricerca svolta per oltre 3 mesi in laboratori Mo Doctoral

Opportunities
2013

esteri. Un traguardo questo che ci inorgoglisce e che ci riconosce a
livello internazionale un meritato spazio nel mondo della ricerca in
Fisica a nome dellOAteneo Peloritano.

Nel pomeriggio della presente giornata di studio € stato convocato il
Collegio docente per ascoltare i seminari relativi alle attivita svolte
dai dottorandi del secondo anno, Ciclo XXVII. Questa presentazione
non sola fara capire a che punto sono con le proprie attivita di ricerca,

12
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quali aggiornamenti hanno elettuato per la propria maturazione e in che tipo di pubblicazioni scientibche e
congressi sono stati coinvolti. Essa rappresentera anche un vero e proprio esame per poter essere ammessi al
terzo anno del Dottorato.

La giornata quindi € piena di interesse e di avvenimenti che permetteranno a tutti i partecipanti di avere un
aggiornamento sulle tematiche di interesse del nostro Dottorato di Ricerca.

Con questo incontro i dottorandi, inoltre, avranno unOopportunita di farsi conoscere ulteriormente e di essere
autori di un lavoro scientibco che sara pubblicato sul Report Annuale del Dottorato che € al quarto volume e
che ha numero ISSN assegnato.

La pubblicazione uscira nel mese di Gennaio e rappresentera un altro
documento duraturo nel tempo a conferma che il Dottorato di ricerca in
Fisica del Nostro Ateneo rappresenta una realta viva e che nonostante gli
scarsi Pnanziamenti stanziati in Italia per la Ricerca, la voglia di andare
avanti di un ricercatore non si pu® fermare facilmente. RingraziandoVi per
la cortese attenzione, auguro a tutti i Dottorandi buon lavoro e meritato
successo per la Vostra carriera.

ACTIVITY REPORT
w12

Il Vostro Coordinatore
Prof. Lorenzo Torrisi
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Complementarity of Thermal Restraint and RENS Approaches by Modeling

Analysis

M.T. Caccamd, S. Magazd, F. Migliardo?

IDepartment of Physics and Earth Sciences, University of Messina

E-mail: mcaccamo@unime.it

Abstract

The aim of this contribution is to present complementary results obtained by Thermal Restraint (TR)
and Resolution Elastic Neutron Scattering (RENS) approaches. More specibcally, it is shown that the
measured elastic scattering law as a function of temperature and of the logarithm of the instrumental energy
of resolution give information on the system thermal response and on the system relaxation time. The
RENS approach is tested numerically, taking into account a Gaussian resolution function and a Lorentzian
scattering law, and experimentally by integrated EINS versus temperature (TR) and QENS measurements
on three homologous disaccharide/water mixtures showing dilerent relaxation times.

Keywords: Elastic Incoherent Neutron Scattering, Resolution Elastic Neutron Scattering, Quasi Elastic Incoherent
Neutron Scattering, Thermal restraint, Disaccharides, Polymers, Proteins.

Introduction

The characterization of the molecular processes in-
volved in condensed matter systems can be per-
formed by Elastic Incoherent Neutron Scattering
(EINS) by means of the so called Obxed-windowsO
method [1], where the scattered intensity is collected
at ! =0 with a bxed Oenergy windowsO correspond-
ing to the instrumental energy resolution. This tech-
nigque takes advantage from the fact that, besides to
a relatively low number of btting parameters, in re-
spect to the quasi-elastic contribution at low energy
transfer the elastic one is often a factor 100-1000
higher and then for obtaining good quality data in
reasonable times, due to the usually limited neutron
Buxes, one can cope with a relatively small amount
samples, with small sized samples or with strongly
absorbing samples.

The aim of this work is to present complementary
results obtained by Thermal Restraint (TR) and
Resolution Elastic Neutron Scattering (RENS) ap-
proaches, this latter being based on the acquisition
of the measured elastic scattering law as a function
of the instrumental energy resolution. In particular,
the elect of the coupling between the system and the
employed measuring instrument is considered and it
is shown that the measured elastic scattering law as a
function of the logarithm of the instrumental energy
resolution behaves like an increasing sigmoid curve
whose infRection point occurs when this the instru-
mental resolution time matches the system relaxation
time [2]-[5] In order to test the validity of the ap-
proaches we shall consider three systems constituted
by water mixtures of three homologous disaccharides,

17

i.e. trehalose, maltose and sucrose and by two poly-
meric systems, i.e. Ethylene Glycol (EG) and Poly-
Ethylene Glycol 400 (PEG 400); these systems are
shown, by QENS measurements, to exhibit dilerent
dynamics as a function of temperature; as a conse-
quence when tested by EINS measurements at a given
instrumental energy resolution as a function of tem-
peratures these systems are supposed to show, fol-
lowing the RENS approach, dilerent inf3ection point
temperatures. The collection of the measured elastic
scattering intensity vs temperature, showing diler-
ent inBection points for the three investigated sys-
tems, conbrms the validity of the approaches. The
measured elastic scattering law can be written as:

Sr

S(Q!)! RQ!)

1" i
no 1(Q,t) &R(Q,t)e' " dt.

2" 4

In the ideal case of purely elastic scattering in

which the resolution function is a delta in the -space,
and hence a constant in the t-space, we obtain that
being:

1)

-
SRQ! =0)= "= 1QDERQYE @
o
the measured scattering lawSg (Q, ! ) reduces to
a time average of the intermediate scattering func-
tion 1 (Q,t). A part from this ideal case, in the more
general condition in which the resolution function in
the ! -space has a non negligible width, the experi-
mentally measured elastic scattering law, due to the
Pnite energy instrumental resolution#! , S¥ (Q) is:
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M@=  S(@Q)d ©)

+ 5

and hence:

SK = ,,,T S(Q!)! R(Q!)d!
! !+z ' ! +" #
= o ; 1(Q,t) 4R(Q,t)e' " dt d!
IEEI #
= o ; 1(Q,t) 4R(Q, t)cos!tdt d!.
B (4)

being both the S(Q,! ) and R(Q,! ) functions even.

1.0]
0.3|
0.6
b
@
0.4

0.2

0.0]

Figure 1: (a)Measured elastic scattering law, SRM,
as a function of instrumental energy resolution for
di'lerent temperature values.(b) Measured elastic
scattering law, SRM, as a function of temperature
for dilerent instrumental resolution time values.

Figure 1 a shows the result the calculation of §
as a function of the logarithm of the instrumental
resolution. As it can be seen it shows an increas-
ing sigmoid trend whose inf3ection point occurs when
the linewidth of the resolution function approaches
the linewidth of the system scattering law; in other
words, in such a semi-logarithmic plot the inf3ec-
tion point occurs when the instrumental resolution
time crosses the system relaxation time. Such a re-
sult shows the operating way of the RENS approach:
from the inRection point of EINS probles versus the
logarithm of the energy resolution one can extract the
system relaxation time. It should be noticed that, in
a complementary way, see bgure 1 b for a given bxed

18

instrumental energy resolution function from EINS
probles versus temperature one is able to obtain from
the inlection point the temperature value for which
the system relaxation time equals the resolution time.

Figure 2: Elastic Incoherent Neutron Scattering
intensity spectra, SR (Q), for EG as a function of
temperature and wave-vectorQ.
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Figure 3: Elastically scattered intensity proble of
EG as a function of the exchanged wavevector Q,
in the range between 0.195 and 4.55A( # 1), and
at temperature values in the range from 100 K to
296 K. As it can be seen, by increasing temperature,
the scattered intensity shows an almost linear trend
at T=100 K and then, at the higher temperature
values, it drops in Q.

Materials and Methods

Ultra pure trehalose, maltose and sucrose, EG, PEG
400, D,O and H,0, purchased by Aldrich-Chemie,
were used for the experiment. EINS data were col-
lected by the IN13 spectrometer at ILL (Greno-
ble, France). Quasi Elastic Neutron Scattering
(QENS) measurements were performed in a temper-
ature range of 283-320K on hydrogenated trehalose,
maltose and sucrose (@H22011) in H,O and on
partially deuterated trehalose, maltose and sucrose
(C12H14Dg011) in D,0O at a weight fraction values
corresponding to 19 water (O and D,O) molecules
for each disaccharide molecule by the high resolu-
tion conbguration of IRIS (graphite 002 and mica
006 analyser ref3ections) to measure sets of QENS
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spectra covering a Q! -domain extending from A! =-

0.3 to 0.6meV (energy transfer) and Q=0.3A' ! to

1.8 A' 1 (momentum transfer) with a mean energy
resolution of $=8peV.

Result and discussion

In order to extract quantitative information from the
I (T) behaviors we performed a bt by using the fol-
lowing expression:

$ %

I(T)= A 1# +(C#DT) (5

1+ es(T! To)

Here A represents the amplitude factor connected
with the global thermal intensity behavior, whose in-
verse we call Othermal restraintO; it should be no-
ticed that this quantity is not connected with a local
behavior but represents a global property of the sys-
tem. B is connected with the transition steepness,
passing from smaller to higher values when the tran-
sition becomes more and more abrupt. As it can
be inferred by following the RENS approach, Ty is
the inBection temperature, corresponding to the tem-
perature value for which the system relaxation time
equals the instrumental resolution time [4]. Finally,
C # DT represents the low temperature vibrational
contribution. The analysis indicates a higher thermal
restraint together with a higher transition tempera-
ture for trehalose in respect to the other two homol-
ogous disaccharides. Such a result conbrms the va-
lidity of the RENS approach. In fact, taking into ac-
count the meaning of the transition temperature, the
disaccharides-water relaxation times cross the resolu-
tion time at a dilerent temperature values, i.e. 264
K for trehalose, 259 K for maltose and 257 K for su-
crose.

1,0

0,8

Intensity
°
>

e
'S

0,2 | | Ampltude | stepness | intercept | Slope  Temperature
0,002 254

0,543 0,165 0,667

0,0

100 150 200 250 300
T(K)

Figure 4: Intensity proPle, obtained as sum for all
the wavevector values, for EG versus temperature.
The btting parameter are obtained and are reported.

The same approach has been applied for EG and
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PEG 400. In the insert of bgure 4 the data bt pa-
rameters are reported for EG.

Conclusions

In conclusion, this contribution shows the operating

approach of RENS from an analysis performed on the
frequency space: from the inBection point of EINS
probles versus the logarithm of the energy resolution
one can extract the system relaxation time. In a
complementary way, for a given bxed instrumental
energy resolution function from EINS probles versus
temperature one is able to obtain from the in3ection
point the temperature value for which the system re-

laxation time equals the resolution time.
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Abstract

Cell membranes are very complex systems, characterized by a big number of dilerent components em-
bedded in a bilayer structure of phospholipids. To understand bilayer dynamics of its components it is useful
to start from a very simple membrane model, composed by only one type of phospholipid, that step by step
is increased in complexity by adding dilerent molecules. In this study we discuss data analisys on Quasi-
elastic Neutron Scattering spectra on bilayers compounded by DMPC and octanol molecules; the aim is to
verify the corrispondence between sperimental EISF and theoretical dynamical models for model-membrane

components.

Keywords: EISF, biomimetic membrane, DMPC.

Introduction

Membrane is the basic organ in the constitution of
cells. It defends and separates cell from external en-
vironment, assuring ideal conditions to biochemistry
of life. Through the particoular membrane structure
the cell is able to have a selective interaction with
environment. Mobility of its constituents permits an
optimal adapting capability to dilerent external con-
ditions.

The central core of any biological membrane is
formed by phospholipids, amphiphilic molecules com-
posed of two fatty acids, a glycerol unit, a phosphate
group and a polar molecule. The phosphate group
and polar head region of the molecule is hydrophilic,
while the fatty acid tail is hydrophobic. When placed
in water, phospholipids will orient themselves side by
side to form a lipid bilayer with head groups turned
towards the surrounding water and apolar acyl chains
in the membrane interior.

Water

Hydrophobic
tails

Hydrophilic
head
Water

Figure 1: Phospholipid bilayer structure
Because their complex structure, this molecoular
bilayers are caracterised by a variety of dynamics cen-
tered about dilerent temporal range. Natural mem-
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branes are too complex systems to be investigated
by physical techniques in order to understand the
relationship between the structure and dynamics of
the system and the membrane functions. A simpler
model membrane can then be realized by an artib-
cial assembly of one type of phospholipid arranged in
a multi-bilayer structure in an agueous environment.
This simple model can be complessiped by adding
dilerent types of molecules in bilayer composition.

In this work our attenction is focused on a bi-
layer composed by DMPC phospholipid ad octanol
molecules; ratio between components is 1:2.

EROCA ol
Ao ~-NN
\/\/\/\/\/\/%.I//?g\oo-o

o}

DMPC

Figure 2: 1,2-dimyristoyl-sn-glycero-3-phospho-
choline (DMPC)

Several techniques have been used to study the re-
laxation dynamics in lipid bilayers, such as neutron
scattering [1D4], inelastic x-ray scattering [5], NMR
[1, 6], dielectric spectroscopy [7], and dynamic light
scattering [8].

Experimental technique and
dynamical model

Neutron scattering is a very useful instrument to
study matter. Peculiar characteristics of neutron
make it able to reveal aspects that other scattering
techniques doesnOt. As shown by Van Hove [9] neu-
tron scattering is an ideal tecnique to obtain infor-
mations about inter- and intra-molecoular dynamics
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through Van HoveOs functiorG(r, t), a generalization
of the simpler pair distribution function g(r). It is
possible to demonstrate that Fourier Transform in
space and time of G(r,t) correspond to structure
factor S(Q,!!) of a scattering experiment. Today
a lot of tecniques involving neutron-matter interac-
tion are avaible to scientists: small angle scattering,
relRectometry, inelastic scattering, neutron spin echo
and so on; data analyzed by us in particoular was
obtained through Quasi-Elastic Neutron Scattering
tecniqgue (QENS). Quasi-elastic neutron scattering
is a particoular kind of inelastic neutron scatter-
ing, characterized by energy transfers being small
compared to the incident energy of the scattered
particles. These interactions arenOt visualized as dis-
tinct peaks in S(Q,!!), but they contributes to a
broadening of the elastic peak. Total elect observed
about the elastic peak is composed by convolution
of dilerent S(Q,!! ), proper of dinstinct molecoular
dynamics. Each quasi-elastic process is characterized
by two quantities: peak HWHM (Half Width at Half
Maximum) and EISF (Elastic inchoerent structure
factor). The brst one (") is directly related to the
characteristic times associated with the motions of
the scattering nuclei involved, # = ! /" ; the latter is
linked to the integral (A) of the relevant Lorentzian
function, so that EISF =1! A, and its dependence
from Q is characteristic of dynamics geometry.

As we said, our work has been centered on a
biomimetic DMPC-octanol bilayer system. Our
starting point is a dynamical model used to describe
bilayers coumpounded by a single type of phospho-
lipid [10]. According this model, Spnos (Q, ! ! ) derives
by accounting for three di'erent kinds of relaxational
motions that present both elastic and quasi-elastic
component, showing so quasielastic broadening of the
elastic peak. These dynamics cover dilerent tempo-
ral range, so it is possible identify them, respectively,
to [11, 12]:

1) Phospholipid dilusion through and along bilayer
(slow dynamics)

2) Acyl chain conformational
(medium dynamics)

3) Hydrogen libration and rotation around bond-
carbon atom (fast dynamics)

rearrengements

Total Sphos(k,!!) results from convolution of
these three dynamics. Through some calculation and
a reasonable approximation we can write [10]:

Sphos (K, ') = E1E2E3$(! ) +(1 ! Eq)E2EsLa(!!)
+E1(1! E2)Eslo(M!)+ EaE2(1! E3)Ls(!!)

)

where E; are i-th dynamics EISF and L; the cor-

responding lorentzian function. The contribution
of hydration water, D,O, has been explicitly con-
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sidered in the data btting by means of an analyt-
ical Syat (Q,!!). This was evaluated on the ba-
sis of the water model of Teixeiraet al.[13] in con-
junction with VineyardOs [14] convolution approxi-
mation. Altough dilerent molecoular dimensions,
we can however assume that single octanol chain
presents dynamics similar respect two-chain phos-
pholipid one. We can then debPne a similar model,
arriving to obtain an Syijayer (k,!!) composed by one
elastic peak (where phospholipid and octanol con-
tributions are indistinguishable) and six lorentzian
components. To decrease bt parameters number, we
add the reasonable hypothesis that phospholipid and
octanol fast motions take place in a similar way, so
that "3pnos " "30ct @nd Ezphos " Eszoct. This as-
sumption is possible because both phospholipid and
octanol chains have primarily alkyl composition, and
hydrogen motion around bound carbon is substan-
cially identical. In such a way our model is Pnally
characterized by one elastic peak (described analit-
ically as a sharp Gauss function), and bve dilerent
lorentzian functions (1G+5L model).

Results and discussion

QENS measurements were taken at Institute Laue
Langevin (ILL) in Grenoble, utilizing IN5 instru-
ment, a high precision Time-of-Bight (ToF) spec-
trometer. To analize avaibles QENS data sets we
have written a Fortran implementation that calcu-
lates 1G+5L model and compare it to experimental
data. To improve the consistence of bnal result, we
analyze simultaneously dilerent sets of data collected
from three di'lerent samples:

- DMPC + deutered octanol (1:2)
- deutered DMPC + octanol (1:2)
- DMPC + octanol (1:2)

Water content dilers slightly from one to another
sample; proportion to DMPC is about 1:40.

Before start the analysis it was necessary to correct
the experimental spectrum by errors due to empty
cell and vanadium reference elects; these operations
were done through LAMP (Large Array Manipu-
lation Program), a specibc program developed by
ILLOs scientists. To improve the consistence of anal-
ysis, we have started btting through parameter values
characteristic of simple DMPC bilayer, known from
literature[10].

During calculation, we realized that not only fast dy-
namics, but also phospholipid and alcohol medium
dynamics are characterized by very similar param-
eters; we have so estabilished to equal respectives
HWHM and EISF so that parameters bt number
reduces further simplifying convergence bt.

Next bgures show EISF and" dependence from Q.
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For comparison we visualized also coresponding sim-
ple DMPC bilayer data[10].

El phos —=—
El oct

El simple ——
0.8 P

0.6

0.4

0.2

Figure 3: Slow dynamics EISF (Q unit is&' 1)
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Figure 4: Medium dynamics EISF (Q unit is A' 1)
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Figure 5: Fast dynamics EISF (Q unit is &' 1)

As we can see, medium and fast EISF appear very
similar compared to simple DMPC bilayer dynamics;
during bt procedure we have realized that variation
in E, and E3 have only a little inBuence on the con-
vergence bt. These facts suggest us that medium
and fast dynamics, that are localized in space, donOt
show specibc variations on their mechanism by oc-
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tanol adding in bilayer.
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Figure 6: Slow dynamics HWHM (Q unit is A' 1,
unit is meV)
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Figure 7: Medium dynamics HWHM (Q unitis A' 1,
" unit is meV)
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Figure 8: Fast dynamics HWHM (Q unit is &' %, "
unit is meV)

By compare HWHM for simple DMPC and
DMPC+octanol bilayer we can say:

1) Fast dynamics for both alcohol and phopspho-
lipid maintain their charachteristics respect to simple
DMPC bilayer;
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2) Medium dynamics are equally very similar for two
molecoular species; main dilerence to simple bilayer
is visible in a decrease of characteristic time, due
probably to a growth of local space avaible to carbon
chains to rearrange themselves. This local growth
is reasonable, if we think that DMPC and octanol
present a non negligible dilerence in volume, and
space organization will then be more inhomogeneus
respect to simple DMPC bilayer;

3) Slow dynamics for octanol and DMPC results sim-
ilar, but we can observe a increment in octanol ve-
locity dilusion, due to his smaller dimension that
can support spatial translations and rotations. Com-
pared to simple bilayer, both octanol and DMPC
present bigger dilusional velocities.

Conclusions

We have been approaching to QENS data analysis of
bio-mimetic bilayers, starting with DMPC+octanol
membrane model, because is avaible a similar model
analisys in literature[10]. Fitting QENS spectra we
have been able to observe some similarity and diler-
ence between octanol-DMPC dynamics and between
simple DMPC and DMPC + octanol bilayers. Fast
and medium dynamics, related respectively to H ro-
tation around bond C and to chain rearrangement,
are resulted identical for octanol and DMPC mole-
coules, with an increment in dynamics velocity re-
spect to simple bilayer. More dilerences are exhib-
ited on dilusive dynamics: even if DMPC and oc-
tanol dilusion present similarities, smaller alcohol
molecule move rapidly, and both phospholipid and
octanol dilusion velocities are higer respect simple
DMPC bilayer. Further quantitative analysis will be
however carry on.
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Abstract

We measure non-conservative forces in optical trapping of ultra-thin Silicon nanowires by photonic force
and torque microscopy. We reveal how the extreme non-spherical shape generates a transverse component of
the radiation pressure that result in a thermally activated non-conservative rotation of the nanowire about
the trap axis. We explore the behavior with trapping power and scaling with nanowire length. This has
implications for optical force calibration and optomechanics with levitated non-spherical particles.

Keywords: optical trapping, optical tweezers, nanowires, non conservative effects.

Introduction and motivation

Optical forces in optical tweezers are essentially of
two types, gradient (conservative) force is responsi-
ble for trapping[l], while non-conservative part has
generally a destabilizing elect. For spherical particle
non-homogeneous radiation pressure in the focused
laser beam is responsible for non-conservative rota-
tional motion in the ! ! z plane. However for non-
spherical particle the situation is more complex be-
cause the Brownian motion of liquid particle cause an
SiNW misalignment along z axis that produce the oc-
currence of a transverse component of the radiation
pressure that causes driven rotation of the SiNWSs
around the z axis, (Fig. 1).

Transverse components were first outlined in an
astrophysical context because can have elect on in-
terstellar dust dynamics [2][3]. More recently an "op-
tical lift elect” was measured on highly anisotropic
microparticles showing strikingly how shape elects
radiation pressure [4].

A generic optically trapped particle can be consid-
ered subject to a force that is the sum of conservative
and non-conservative terms.

F=1!" U+Fp 1)

Conservative term is due to the gradient force
while non-conservative term is due to two con-
tributes. The first contribute depends on the stan-
dard radiation pressure and gaussian geometry of the
laser beam that generate a rotational force in !-z
plane. The second one depends on alignment of the
particle along the z direction that generates a trans-
verse force (optical lift elect)that causes a rotations
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and precessions in ! -z plane, (Fig. 1).

)

Dilerentiating the non-conservative force by x we
can estimate the transverse translational and rota-
tional sti'ness. When the SiINWs is subject to small
displacements from its equilibrium, the contribute to
the restoring force comes only from the part that
is near to the beam focus, where the intensity of
the gradient force is strong. Increasing the length
of the SINWs the transverse stilness tends to L' 3.
Instead the rotational term, initially increases with
L for parts of SINWSs outside the focus point and
when L is great enough, to cause the orientation and
constrainment of the nanowire in the transverse di-
rection, it tends to L' ! [6]. The rotational term de-
creases slower and is more dominant than the trans-
lational term. For this reason we can infer that non
conservative rotation in xy plane is a roto-translation
of the nanowire about the optical axis, rather than a
precession of the wire about the centre-of-mass point.

Here we report how rotations, due to non conser-
vative elects, scale with the SINWs length and laser
beam power.

Fnc = ' Fpressure + Ftransverse

Experimental

Details of the sample preparation and of our experi-
menal setup have been described elsewhere [7] [8]. In
brief, ultrathin nanowires have been prepared start-
ing from p-type Si single crystal, with a resistivity
of 1,5" corresponding a boron (B) concentration of
106 c¢m' 3. Slices of Si has been cutted in pieces of 1
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cm # 1 cm and then it has been UV oxidized and im-
mersed in a 5% HF solution in order to obtain clean
and oxide-free Si surfaces. Subsequently a thin sub-
strate of nanometric Au was deposited on the sam-
ples by electron deposition at room temperature by
using a source of high purity gold pellets. After the
deposition process has been completed, an aqueous
solution of HF and H,O, has been used to etch the
samples. In this way the Si below the tiny deposition
of Au acts as anode and is locally oxidized. The Ox-
idized Si is etched down by HF forming SiNWs. The
SiNWSs samples that we trapped have a diameter d
of 10 nm and several lengths (1.00+ 0.05, 2.08+ 0.04,
3.1+ 0.1,4.0£ 0.2 and 5.0+ 0.5 um), which depend on
the etching time[7].

Figure 1: depiction of a SINWs in an optical trap and
forces acting on it.

Trapping measurements have been carried out us-
ing near-IR laser diode. Its beam (830 nm wave-
length) is circularly shaped by a couple of anamor-
phic prisms.  Dilerent lenses, mirrors and di-
aphragms are arranged to form a telescope that car-
ries and expands (overfilling)the laser beam at the
objective aperture. The beam is tightly focused by
a high numerical aperture objective (oil immersion,
NA=1.3, 100x magnification). The Brownian motion
of the trapped particle is studied by imaging the in-
terference pattern of the scattered and not-scattered
light by the trapped particle on a Quadrant PhotoDi-
ode (QPD). The interference pattern of the trapping
laser beam is collected by the microscope condenser
lens and delivered to the QPD. A CCD camera al-
lows us to monitor and control the trapping process.
Signals from QPD are amplified and acquired by a
PC through an acquisition board.
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Non-conservative elects

All the calibration methods of Optical Tweezes as-
sume that for small displacements, of a trapped parti-
cle, from the equilibrium position, the restoring force
toward the center of the Gaussian beams is propor-
tional to the displacement. For this reason optical
trapping is usually considered acting as a Hookeian
spring with a fixed sti'ness. This condition im-
plies that the optical force-field must be conserva-
tive, excluding the possibility of a rotational (non-
conservative) component. This assumption is not
really true because the scattering forces are
intrinsically non conservative . For spherical par-
ticles non conservative elects occur only when the
intensity of the laser beam is su“ciently low to per-
mit the sphere to explore a larger volume and to
feel inhomogeneity of the Gaussian laser beam. Un-
der these condition the particle presents a thermal
motion with a toroidal bias coupling the directions
transverse (!)and parallel (z)to the beam propaga-
tion. For non spherical particle, as SINWSs, due their
geometry, non conservative elects are predicted to
be first-order and they do not vanish increasing laser
power. Optically trapped SiNWs subject to Brown-
iam motion are oriented along z direction by optical
fields. During the trapping process the Browniam
motion tends to misalign the nanowires from the z
axis, that generates a transverse component of the
radiation pressure, (Fig. 1). This component causes
a rotation bias in x-y plane and a toroidal bias cou-
pling ! -z directions.

In the same way in which we study the one-
dimensional motion by Correlation function, we char-
acterize the two-dimensional motion of nano wires,
by the Dilerential Cross Correlations (DCCFs) of
the Brownian tracking signals from the QPD, that
highlight roto-translation and toroidal bias.

DCCFy, (#) =CCFy(#)! CCFyy(® (3)

The DCCFs are obtained by LabVIEW software
and have been fitted with their theoretical expression
calculated starting from the Langevin equation [10].
Because we don’t have yet a theoretical model for non
spherical particles, we used as fitting function the
theoretical expression of the DCCFs for the spher-
ical particle, the dilerences would emerge in the
anisotropic hydrodynamics, but the functional be-
haviour is the same. In order to compare results from
DCCFs of several samples these functions have been
normalized by the square root of the product of vari-
ances z and !. We used two dilerent fitting equa-
tions, depending on the ratio between the rotational
and translational behavior. In case the translational
component ($%?2) prevails over the rotational (" 2)
we used a suitably parameterized sinh fitting func-
tion, otherwise we used a sin fitting function [10].
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During the data analysis we obteined that rotational
contribute prevails in the x-y motion while transla-
tionals prevail in the !-z plane. Because the trans-
lational motion in ! -z plane has the same character-
istics showed for spherical particles and has already
been extensively studied, here we report only the re-
sults in x-y plane.
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Figure 2: a,b SiNWs DCCF,, for two dilerent laser
beam powers; ¢ non-conservative component of the
force-field as function of the laser power.

In (Fig. 2)a,b are reported the DFFCsy, for two
limit SINWs length: L=1 and 5 pum respectively and
we can note that increasing the SiNWSs length the
oscillations get slower. This means that the motion
inside the x-y plane became slower. This behaviour is
due to the fact that the longer is SINWs more aligned
and constrained in the z direction. Origin software
has been used to fit the DFFCs and to obtain the
rotational frequencies as fitting parameter. We can
see in (Fig. 4) how the rotational frequency, in a log-
log scale decreases as 1/L? with the SiNWs length.
We also calculated the non conservative component
of the force-field, reported in (Fig. 2)c,that takes in
account of the amount of the non conservative elects
and is defined as the ratio of the rotational frequency
and & .

" &y + &
& where: & 5

4)
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It decreases as 1/L and the black line represents
the behaviour at great L, L>> zg where zr is the
Rayleigh range, which measures the length of the fo-
cal region parallel to the beam axis. The first point in
(Fig. 2)c seems not following the 1/L trend because
it corresponds to a cross over region L$ zr. Here we
report also the variation of the non-conservative ef-
fect as function of the trapping power, keeping fixed
the SINWs leght (L=4um).

In (Fig. 3)a,b we report the DCCFs,, with two
di'erent laser beam power, the gradient force on the
SiNWs increases with the laser beam power and they
result more confined and constrained along the z di-
rection. This fact cause that the rotational frequency
decrease with the laser power. In (Fig. 3)c it is pos-
sible to observe that the non conservative contribute
'xy decreases immediately when the laser power in-
creases but it does not vanish, which is the case for
spherical particles where the non conservative con-
tribute is dilerent from zero only at low laser beam
power (0.9 mw).
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Figure 3: DCCFy, for two dilerent SINWs length,
a=1um, b=5um; ¢ non-conservative component of
the force-field as function of the SiNWs length.

The behaviour showed in (Fig. 3)c emphasizes
that non conservative elects, for SiINWs, although
scale with the laser power, can not be neglected.
Non conservative elects are more dominant for low
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laser beam power because the SiNWs are less aligned
and less constrained and they can be free to realigned
and to explore the inhomogeneities of the laser beam.

1000

1 10

Figure 4: dots represent the experimental rotational
frequencies in the xy plane, solid line is are the 1/L 2
trend.

Conclusions Non-conservative elects on non-

spherical particle are linked to the occurrence of a
transverse component of the radiation pressure. Al-
though we measured non-conservative elects in the
order of few percent of the trap dynamics, we were
able to detect them at any available laser power, so
this needs to be take into account when dealing with
calibration of optical trapping forces based on elec-
tive potentials [14] [15]. Moreover non-conservative
forces can have a more dramatic elect when dealing
with optomechanics of levitated non-spherical parti-
cles [16].
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Abstract

The surface of the biocompatible materials is a critical factor for osseointegration in the human organism
and its properties such as wet-ability and roughness play a central role in modulating cellular behavior and
adhesion at the bone-implan and material-tissue interface. The substrate of a biomaterial implantable in
the human body is not a passive structure but it is able to stimulate the adhesion and cell proliferation.
Its hydrophilicity, hydrophobicity and surface roughness may regulate the cell migration. The surface wet-
ability and the surface roughness of dilerent biocompatible materials (polymers, ceramics, and metals) were
measured. Surface treatments changes of surface morphology by sputtering, laser beams and temperature
have been employed to modify the surface wet-ability. The analysis shows that by varying the treatments

the wet-ability changes.
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Biocompatible materials, wet-ability, roughness, laser, sputtering, nanoparticles.

Introduction

The use of biomaterials is growing in various medi-
cal applications because they serve to build biomedi-
cal implants and devices designed to perform certain
functions in the body. The properties of the sur-
face of a biomaterial are important for its biocom-
patibility [1]. The cell-material interaction strongly
inBuenced not only by the surface topography of the
biocompatible material but also from the chemical
properties of the surface including the surface wet-
ability (surface energy) and the surface roughness.
The wet-ability (measured in terms of contact an-
gle) and the surface roughnessre important physico-
chemical properties that regulate cell behavior. A
large number of studies indicate that the cells tend
to bxate on hydrophilic surfaces than on hydropho-
bic surfaces; that the dilusion and the formation of
the continuous layer of cells are higher on a rough
surface than smooth. The wet-ability of a surface is
the tendency to let soak in a uniform manner and in
a stable manner from a liquid [2,5]. The solid surface
and the liquid establish a condition of mechanical
equilibrium in which the resultant of the molecular
interactions between the various interfaces involved
is such as to ensure the stability of the structure. To
determine and quantify the wet-ability of a surface
is measured by the contact angle) corresponding to
the magnitude thermodynamics which minimizes the
surface free energy of the system and that is physi-
cally described by the relation of Young [2]:

1)

Where vgs, 1v ,ysL are the surface tensions be-

!'ves + st + e cosd =0
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tween solid and gas, respectively, between solid and
liquid and between liquid and gas. This means that
when a drop of liquid is placed on the Rat surface of
a solid (Fig.1.a,[3]), it will tend to widen when the
surface is wettable(§ < 90', the surface is said to be
hydrophilic), or may assume a spherical shape when
instead the surface is not wettable ¢ > 90', the sur-
face is said to be hydrophobic), until the anglef will
assume the value provided by the equation:

' yes | st
G

cosf = 2)

Few surfaces are perfectly Bat and if the surface
on which the drop has special physical-chemical char-
acteristics, such model is inaccurate. It is therefore
necessary to consider the roughness of the substrate
that directly inBuences the contact angle on the mi-
crometer scale and that modibes the surface of in-
teraction liquid / vapor and solid / liquid (Fig.1.b,
[3]). On rough surfaces fact the inclination of the
contact angle of the solid surface with respect to the
same reference plane varies from point to point. The
Young equation (1) for heterogeneous rough surfaces
is modibed Wenzel equation [4]:

®)

Where 6y is the angle of elective contact of a
rough surface real, or angle of Wenzel, whiley is
the contact angle of balance of Young observed on
an ideally smooth surface. In equation (3) shows
the roughness factor r (said roughness) that intro-
duces the relationship between the real surface and
the nominal surface and has the elect of amplifying

cosby = rcosby
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the natural characteristics of the solid surface by im-
proving the hydrophobicity is that the hydrophilicity.

{a)

Figure 1: a) geometric variations of the contact angle
for the same volume of the droplet on an ideal sur-
face, b) contact angle of a drop of liquid on a surface
real.

The aim of this work was to analyze the variations
of the contact angle and roughness of some biocom-
patible materials used in the medical beld and see
if by laser ablation, sputtering ions and nanoparti-
cles if they changed appropriately the surface of the
material in order to make more hydrophobic or hy-
drophilic.

Experimental procedure:
Measurement of wet-ability

The method used for the measurement of the angles
of wet-ability is the sessile drop method which in-
volves the measurement of the proble of a drop of
liquid resting on a solid surface. Consists essentially
in measuring the contact angle between the tangent
to the proble of a drop, deposited on the sample
surface, and the surface itself [2-5]. The contact an-
gles of liquid droplets (deposited on the surface by
means of a syringe microlitrica) were measured di-
rectly using a webcam aligned to the eyepiece of an
optical microscope that records video and photos of
the system formed by the solid sample (housed in a
movable sample holder) and the drop.

Figure 2: sessile drop method

The captured images are processed by a computer
with a software image editing and appropriate soft-
ware for the measurement of angles. From the pro-
ble of the drop the software is able to obtain contact
angles left and right. As test liquid was used, and
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distilled water to obtain a measurable drop was nec-
essary to a liquid volume of at least Lil. For each
material were made 6 measures, of which the average
is calculated. The contact angle was calculated by
the size of the droplet itself (Fig.2). The contact an-
gle 6(degree) was calculated from the heighth (mm)
and the base diameterd (mm):

Yogha

—on! "1
0 =90 + cos 2t 2

(4)

Experimental procedure:
Measurement of surface
roughness R, ed Ry,

Roughness measurements were performed using .
surface problometer Tencor P-10 at the Laboratori

Nazionali del Sud in Catania using a 1 mg tip force,

a scansion length of 500m, and a scan speed of
100um/s [6]. This device allows you to perform

a surface analysis of solid materials (polymers, me-
tals, plastics, etc..), Analysis of the roughness height,
width, depth and radius of curvature of a given sam-

ple.

=
£
3
=
—
§ —— UHWPE
-3 205 KrF Excimer laser
E = 600mJ
4 A= 248nm

Nshots=50
rrrrrr Linear Fit of Wavi

800 1000 1200 1400

Scansion Length (um)

1600

Figure 3: roughnessk, ed Ry, proble.

Probles acquired by the stylus problometer is pos-
sible to determine mathematically the surface rough-
ness by the graphical method of the center line. As-
suming as axis xm the midline of the proble (Fig.3),
or the line for which a minimum is the sum of the
squared distances of the points from the line pro-
bles of the same, debne the parameter of the averag
roughness Rv as the value average (expressed jim)
of the ordinates (y1, v2, ... yn) Of the proble with
respect to its center line:

1#
Ry=~  |ul )
n .
i=1
The roughness horizontal Ry, (um) (Fig.3) is the
measure of all horizontal oscillations shown in the

spectrum.
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¥ The polyethylene (-CH;-) and polymethyl-
methacrylate ((Cs02Hg)n) substrate (size: 10mm"
4mm and 2mm thickness) was irradiated in air using
three laser sources operating in the UV, in the IR to
vary the number of shots, the laser energy was ana-
lyzed the variation of the wet-ability and roughness
of this material.

¥ Changes in wet-ability were calculated on the
substrate of UHMWPE modibed by ion sputtering
deposition.

¥ Were calculated changes in the wet-ability of
the substrates of Aluminum, Silicon, Copper, PE,
PMMA, Glass, Titanium with Ag nanopatrticles.

Result and Discussion

The polymers PMMA and UHMWPE were irradi-
ated with three dilerent laser sources operating in
the UV and IR [7-8]. Atthe Department of Physics of
Messina has been used a Q-switched Nd: YAG laser
operating at the fundamental wavelength of 1064 nm,
with pulse duration of 3-9 ns, energy of 180 mJ-300
mJ, spot diameter # 3mm in diameter. Moreover it
was used the UV-ArF excimer laser operating at the
fundamental wavelength of 193 nm, characterized by
a beam energy of 160mJ with pulse duration of 18 ns,
spot diameter# 2mm. At the Department of Physics
of Lecce has been used the excimer laser KrF, operat-
ing at the fundamental wavelength of 248 nm, energy
of 165mJ, with pulse duration of 25 ns, spot diameter
# 8mm. To investigate the elects of irradiation with
the three laser on the wet-ability of the samples were
measured static contact angles of the samples before
and after ablation.

PMMA and UHMWPE were irradiated in air
with the Nd:Yag laser maintaining constant the en-
ergy (FL =300 mJ) and by varying the number laser
shots (60). By the graphs of Fig.4 it is clear that
both polymers show an increment of the wet-ability
with increasing the vertical and horizontal roughness
Rv and Rh, making the materials more hydrophobic.

PMMA and UHMWPE were irradiated in air
with the two dilerent excimer lasers (A=193nm and
A=248nm) maintaining constant the energy £ =165
mJ andE_ =300 mJ, respectively, and varying the
number laser shots (Fig.5). The graphs show a linear
reduction of the wet-ability as a function of rough-
ness Rv and Rh that under the action of UV laser
shots change the surfaces from hydrophobic to hy-
drophilic. Ultimately coherent IR and visible radi-
ation on PMMA induce an increase of the contact
angle while the UV reduction. Further measures are
under way to identify the behavior of the irradiated
surfaces of other polymeric materials and not.
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Figure 4: Roughness vertical and horizontal of the
materials PMMA and UHMWPE before and after
the irradiation with the laser of Nd:YAG.
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Figure 5: Roughness Rv and Rh of PMMA and
UHMWPE before and after the irradiation with the
dilerent excimer lasers (A=193nm & 248nm).

The lon Sputtering has been performed by using
2.5 keV Ar* ion gun with a ion current Rux of 10uA
on a target of PE. The PE surface of the sputtered
area was 1cm? and the PE atom doses were dilerent
from about 10'® up to about 10Y/ ¢m?. By varying
the dose ions removed from the target of creating a
nanometric modibcation in the polymer surface and
hence a change in wet-ability as shown in Fig.6. The
plot shows a decrease in the wet-ability with the in-
crease in sputtering dose.
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Figure 6: Contact angle PE vs. ion sputtered at dif-
ferent sputtering doses.

The nanoparticles are used in the medical beld to
improve the nano materials. We made nanospheres
metal and placed in solution: the laser beam IR (Q-
switched Nd: YAG laser, 1064 nm, 200mJ, 10 Hz) af-
ter engraved on a prism hits the target of Silver place
in an aqueous solution (15ml) for a time of t=10 min-
utes. The nanoparticles were deposited on the sur-
face of the samples Aluminum, Silicon, Copper, PE,
PMMA, Glass, Titanium and after two day is cal-
culated the change in wet-ability as shown in Fig.7.
The graph shows that the addition of Ag nanopar-
ticles on the substrate of all the materials, initially
hydrophobic, hydrophilic.

120

materials pure Ag nanoparticles
100

Rame

80

Silicio
60
Allumnio

contact angle (degree)

time (day)

Figure 7: Changes of contact angle of Aluminum,
Silicon, Copper, PE, PMMA, Glass, Titanium with
nanoparticles Ag; Insert: SEM image of Ag nanopar-
ticles.

Conclusions

In this work it was shown that surface treatments can
modify the properties of adhesion and surface wet-
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ability of tunes. It Obeen shown that changes in the
surface wet-ability may be due to changes in surface
roughness created by or from direct laser treatments
which change the surface morphology. The surface
of biocompatible materials is a critical factor for os-
seointegration in the human body and its properties
such as topography, chemical composition, surface
roughness, surface charge and wet-ability play a cen-
tral role in modulating cell behavior at the interface
bone-implant interface, the initial cell adhesion and
di'erentiation. Because the substrate of a material
which must be implanted in the human body is not
a passive anchoring surface but is able to stimulate
the adhesion and cell proliferation, it is important to
know both its hydrophilicity that its surface rough-
ness in order to increase the ability of cell migration

[9].
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Abstract

Elective interactions in a number of soft matter systems can be described by purely repulsive, bounded
potentials, such as the popular Gaussian-core model potential (GCM). In an elort to gain more insight into
the general phase behaviour of complex R3uids, we investigated a system of point particles whose interaction
is modelled by a pair potential combining a bounded short-ranged Gaussian repulsion with a weak longer-

ranged Gaussian attraction.

The phase diagram of the resulting double-Gaussian model (DGM) shows

signibcant dilerences when compared with the GCM case: the existence of two Ruid phases, a richer solid
polymorphism, and a new form of reentrant melting at low density, distinct from the anomalous melting
that is observed at higher densities. We have further observed that, in the low pressure/low temperature
range, the phase diagram presents some interesting similarities with the phase behaviour of water.

Keywords:

double-Gaussian potential, reentrant melting, solid polymorphism, water phase diagram.

Introduction

Since typical soft matter particles are themselves
complex aggregates built up from several thousands
of atoms or molecules, it is impossible to use poten-
tials in theoretical investigations that take explicitly
into account all the degrees of freedom of the con-
stituent particles. Coarse graining methods drasti-
cally reduce the huge number of degrees of freedom
and one Pnally arrives at elective (pair) interactions
that depend typically on the distance between the
centers of mass of the aggregates and thus represent
potentials between artibcial, OelectiveO particles. In
contrast to atomic systems [1] where the interatomic
potentials are harshly repulsive at short distances,
the elective potentials of soft matter systems, such as
star polymers, dendrimers, microgels or block copoly-
mers, show completely new features: as a conse-
quence of the complex internal structure of the meso-
scopic aggregates these particles are allowed to over-
lap and to mutually penetrate, and this is expressed
by the fact that frequently the elective potentials
only weakly diverge or even remain Pnite at the ori-
gin. This Ocolloidal® approach to polymers repre-
sents a signibcant simplibcation in the description of
a polymer solution. The soft-core pair potential be-
tween the centers of mass of polymers in solutions is
well approximated by a repulsive Gaussian potential.
A generous amount of results exist for the structure
and thermodynamics of this model Ruid [2D6]. But
a bounded repulsion may be combined with an at-
tractive tail. The proposal of soft potentials with

a small attractive part is not completely academic,
as it has been shown that for intermediate densities
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the elective pair potential beetween the centres of

mass of two polymer coil in a good solvent exhibits
a small attractive part at distances of the order of

several times the radius of gyration Rg [7]. In the

present note, | report on a three-dimensional GCM

RBuid modibed by a shallow attractive well added, at

medium-range distances, to the repulsive Gaussian
core [8]. The study was carried out using both the-
ory and simulation.

Model and method

The following formula for the potential (2.1) debnes
the so called general double-Gaussian model (DGM)

u(r) = texp{! r2/" 2} Lpexp{l (r! #H%" 5}, (2.1)

I'and " being arbitrary energy and length units, re-
spectively. Aiming to perturb the GCM phase di-
agram only slightly, we shall take, quite arbitrarily,

1, =0.005,",=",and #=3" (see Fig.1). More-
over, for this kind of soft potentials, if the added
attraction is too strong, a problem of stability and

a thermodynamic catastrophe can occurs. So we ap-
pealed to a pair of criteria originally put forward by
Ruelle (see Propositions 3.2.4 and 3.2.7 of Ref. [9]) in
order to be able to decide on the stability of (2.1)
for all values of !,: for ", = " and # = 3", the
DGM potential is stable for !, < 0.026313; above
this value, u(r) is unstable and thus cannot serve as
an interaction potential of stable matter.
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Figure 1: DGM potential u(r), together with the
force f (r) = ! u'(r) (dashed line). In the inset, a
magnibcation of the smallu region to highlight the
attractive well.

k,T/¢

The phase diagram of the DGM model was care-
fully investigated both by theoretical [10D12] and nu-
merical means. We obtained reliable estimates of
melting points from a variational theory (VT) that is
an daptation to the DGM of the same approach fol-
lowed for the GCM by the authors of Ref.[3] (see
also Ref.[1]). Following the HUIM (heat-until-it-
melts) approach [13], several heating trajectories of
the solid are generated by Monte Carlo (MC) sim-
ulation at selected pressures or densities, and even-
tually terminated at the point where the sample is
observed to melt spontaneously. We used MC simula-
tion both inthe NPT (isothermal-isobaric) ensemble
and in the NV T canonical ensemble. Liquid-vapor
binodal line can be roughly located at the bound-
ary of the ($,T) region where the iterative precedure
for solvin the HNC equation fails to converge, but
Gibbs-ensemble simulations [14] were used to trace
the OexactO liquid-vapor binodal line. Typically, sys-
tems of about 1000 particles (with periodic repeti-
tion of the simulation box) were investigated and, as
many as 10 sweeps/cycles were generated at equilib-
rium for every (T, P) point along a simulation path,
which proved su“cient to obtain accurate statistical
averages for the volume and the energy per particle.
Much longer runs were performed in the reference
states for the calculation of the chemical potential.
In the RBuid sector of the phase diagram the reference
state was a dilute gas, whose chemical potential was
computed by WidomOs particle-insertion method [15];
in the solid region, we chose a low-temperature crys-
tal (a dilerent one for each solid phase) as the start-
ing point of a MC trajectory. In any such state, the
excess Helmholtz free energy per particle was com-
puted by the Einstein-crystal method [16, 17].
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Results

Results obtained from HUIM method and from the
variational theory (VT) give a clear indication of the
trends of Ty, with pressure but the accuracy of the
melting temperature estimated in these ways is usu-
ally poor (overstimation of the T,, by about 20%).
Besides, the VT predicts an hcp-liquid coexistence
locus that is not really present in the DGM. A more
reliable location of the melting transition was deter-
mined through thermodynamic integration along iso-
baric and isothermal paths (see e.g. Ref. [18]), com-
bined with OexactO free-energy calculations for some
selected states.

0,005 ¢

Figure 2: Numerical DGM phase diagram in the $-
T plane. We show: a number of points along the
liquid-vapor binodal line obtained by Gibbs-ensemble
simulations (bigger diamonds), along with the esti-
mated critical point (asterisk); a number of points
along the HNC OspinodalO line (small diamonds):
the solid-liquid and solid-solid coexistence points ob-
tained from the OexactO free-energy calculations de-
scribed in the text (dots, squares, triangles); some
points on the P = 0 isobar of the bcc solid (trian-
gles pointing to the right); the HUIM melting points
obtained by heating the solid system along either
isochoric (plus) or isobaric (crosses) paths until it
melted; the VT coexistence (dotted lines).

By the usual extrapolation procedure [16], we lo-
cate the critical point at $; = 0.02295,T. = 0.00767,
and P; = 0.000046 (all quantities will be given in re-
duced units). The OexactO liquid-vapor coexistence
region is shown in bg.2 and it is interestingly quite
well coincident with the HNC OspinodalO region. An
expected feature is that the reentrant melting of the
high pressure bbc phase occurs similarly as in the
GCM because the inner particle core is almost un-
changed having the samé and ", the maximum T
is slightly larger whereas the pressuré®,, in the same
point is little smaller. A signibcant dilerence with
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respect to the single GCM is a richer solid polymor-
phism, characterized by the appearance of a novel
hpc phase and a novel bcc region of stability at low
density. In this diluite crystal the average NN dis-
tance is close below the OcentreO of the attractive
well #, but upon compression, this distance is pushed
farther away from # with the elect of destabilizing
the bcec phase with respect to the liquid phase. In-
fact, looking at Pg. 3 (a magnibcation of bg. 2 in the
low-density/low-temperature region) we can see that
on the low-density side the bcc-liquid coexistence lo-
cus meets the liquid-vapour line at a triple point;
on the high-density side it merges with the fcc-liquid
line at another triple point (which also represents the
lowest-temperature state where the liquid exists as a
stable phase). The melting line joining them, rep-
resents a further reentrant melting (besides the one
existing at high pressure).
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Figure 3: Magnibcation of the low-density region
(same legends as in Fig.2).

Conclusions

The purpose was to investigate the elect of a week
attraction on the melting behaviour associated with a
Gaussian repulsion. Thanks to the data obtained by
the use of approximate theories, Monte Carlo simu-
lations and OexactO free energy calculations, we were
able to draw a complete and detailed thermodynamic
picture of the system. The phase diagram now shows
two RBuids phases, while the solid sector comprises as
many as four crystalline phases. At high pressure
reentrant melting occurs in almost the same terms as
in the GCM case, but a number of unconventional
features appear in the low pressure bcc phase: the
presence of a second reentrant-melting line e two fur-
ther triple points (vapor-bcc-liquid and bbc-liquid-
fcc). The explanation of this anomaly underscores
the elect of the pressure on the Odegree of rigidityO
of the diluite bcc phase, which becomes progressively
smaller with increasing pressure. The net result is a
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negative slope of the melting line, an interesting fea-
ture reminiscent of the phase behaviour of the water.

However, this corrispondence is clearly only formal
because of the enormous dilerence of temperature
and pressure between the two systems. To building
up a water-type Ruid would be necessary to increase
the strenght of the attraction and integrate it with

a small hard core. This is the subject of our actual

studies.
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