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Monday 19

Morning
8.45
Opening: Aldo Fontana

Chair: Uli Buchenau

9.00
Equivalence of the boson peak in glasses to the TA van Hove sin-
gularity in crystals
Aleksandr Chumakov

9.20
Collective vibrational modes as signature of a static length accom-
panying the glass transition
Giacomo Baldi

9.40
Densification and thermal properties of silica determined by light
scattering
Bernard Champagnon

10.00
Low-temperature thermal and thermodynamic properties of butanol
glasses
Miguel Angel Ramos

10.20 - 10.40

Coffee Break
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Chair: Luca Leuzzi

10.50
Heteregeneous shear elasticity of glasses: the origin of the boson
peak
Alessia Marruzzo

11.10
Boson peak and marginal rigidity of glasses
Walter Schirmacher

11.30
A thermodynamic description of the glass transition
Uli Buchenau

11.50
Dynamical Correlation Length and Relaxation Processes in a Glass
Former
Raffaele Pastore

12.10
Dynamical Correlation Length and Relaxation Processes in a Glass
Former
Giancarlo Jug

12.30

Lunch

Afternoon
Chair: Silvia Caponi
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16.30
Cooperativity and heterogeneities in dynamics of glass-forming
systems: new insight
Alexei Sokolov

16.50
On a static computation of critical slowing down exponents in
glassy dynamics
Luca Leuzzi

17.10
Effect of cross-linking and branching on the molecular properties
of cyclodextrin-based polymers: a vibrational spectroscopy study
Barbara Rossi

17.30 - 18.00

Coffee Break

Chair: Claudio Masciovecchio

18.00
Polyelectrolyte-induced aggregation of liposomes: cluster phase
formation and destabilization by added salt
Simona Sennato

18.20
Vibrational collective dynamics of dry and hydrated proteins in the
Terahertz region
Alessandro Paciaroni

18.40
The role of the disorder on the anomalous diffusion in 3D crowded
media: simulations and NMR experiments.
Marco Palombo
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20.00

Dinner
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Tuesday 20

Morning
Chair: Giulio Monaco

9.00
Protein Hydration: water dynamics and protein stability
Fabio Sterpone

9.20
Non-equilibrium steady states of driven particle transport with
nearest neighbor interactions
Philipp Maass

9.40
Studying the folding of knotted proteins by Monte Carlo simula-
tions
Tatjana Skrbic

10.00
Folding pathways diversity for a small beta-protein using the DRP
method
Roberto Covino

10.20 - 10.50

Coffee Break

Chair: Walter Schirmacher

10.50
Looking into the future of neutron scattering with ESS: Current
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status and scientific opportunities
Heloisa Bordallo

11.20
Exploring the physics of disorder with a tunable Bose-Einstein
condensate
Massimo Inguscio

11.50
Quantum phases of cold fermions in optical lattices: cooling and
spectroscopy
Antoine Georges

12.30

Lunch

Afternoon
15.00 - 16.30

Poster session

Chair: Marina Guenza

16.30
Brillouin Light Scattering and Phonon Propagation in Mesoscopic
Soft Materials
George Fytas

17.00
Vibrational dynamics and Brillouin scattering in crystals of weakly
interacting soft spheres
Maurizio Mattarelli
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17.20
Heterogeneous and anysotropic dynamics of a 2D gel
Davide Orsi

17.40 - 18.00

Coffee Break

Chair: Kia L. Ngai

18.00
Fragile to strong dynamic crossover in confined water and in aque-
ous solutions: viable routes for finding the liquid-liquid critical
point
Paola Gallo

18.30
The Free Energy Landscape of water by computer simulations and
complex network analysis
Diego Prada-Gracia

18.50
Exploring the phase diagram of salty water: polyamorphism and
crystalline phases
Livia Bove

20.00

Dinner
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Wednsday 21

Morning
Chair: Philipp Maass

9.00
Evidence of coexistence of change of caged dynamics at Tg and
the dynamic transition at Td in solvated proteins
Kia L. Ngai

9.20
Primitive beta-relaxation as origin of the dynamic transition ob-
served in solvated proteins
Simone Capaccioli

9.40
Raman line-shape analysis to investigate the hydrogen bonds be-
havior in peptide solutions
Francesco D’Amico

10.00
Theoretical approaches to the dynamics of polymeric liquids
Marina Guenza

10.30 - 10.50

Coffee Break

Chair: Alexandr Chumakov

10.50
Aging rates in a simple glass and its melt
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Herbert Schober

11.10
Structural Relaxation and Aging in Glasses
Beatrice Ruta

11.30
Correlation of the instantaneous and the intermediate-time elas-
ticity with the structural relaxation in glassforming systems
Francesco Puosi

11.50
Brillouin scattering from superpolished vitreous silica in the Urbach-
tail region
Benoit Rufflé

12.10
Static and dynamic structure of water-methanol mixtures
Simone De Panfilis

12.30

Lunch

Afternoon
15.00 - 16.30

Poster session

Chair: Giancarlo Ruocco

18.00
Conformation of exciton-coupled molecular dimers - in membranes
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and in DNA - by phase-modulation 2D fluorescence spectroscopy
Andrew H. Marcus

17.20
Sub-ps photoinduced dynamics in Heme-proteins studied by Fem-
tosecond Stimulated Resonance Raman Scattering
Tullio Scopigno

17.00
Free Electron Laser based Four Wave Mixing
Claudio Masciovecchio

17.40 - 18.00

Coffee Break

In memory of Gabriele Viliani
Chair: Tullio Scopigno

18.00
An appreciation of Gabriele Viliani
Joseph Feldman

18.20
Models for the long time dynamics in glasses
Giorgio Parisi

18.40
Gabriele and me
Giancarlo Ruocco

19.00
My collaboration with Gabriele since 1978: Jahn-Teller effect,
nanoparticles, glasses, and heterogeneities
Eugéne Duval
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20.00

Social Dinner
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Thursday 22

Morning
Chair: Francesco Mallamace

9.00
What constitutes a simple liquid?
Jeppe C. Dyre

9.20
Observation of empty liquids and equilibrium gels
Roberta Angelini

9.40
Space-resolved Dynamics in a the Lorentz Model
Marcus Spanner

10.00
Structure and dynamics of liquids and fluids at extreme conditions
Federico Gorelli

10.20 - 10.50

Coffee Break

Chair: Benoit Rufflé

10.50
New results on the low energy excitations in amorphous silicon
Xiao Liu

11.10
Glassy dynamics in ordered phases
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Josep Lluis Tamarit

11.30
Anomalous temperature-hardening of the elastic modulus in vitre-
ous silica
Coralie Weigel

11.50
Conclusive remarks: Uli Buchenau
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Observation of empty liquids and equilibrium gels

Roberta Angelini

CNR-IPCF, Roma

The relevance of anisotropic interactions in colloidal systems has
recently emerged in the context of the rational design of novel soft
materials. Patchy colloids of different shapes, patterns and function-
alities are considered the novel building blocks of a bottom-up ap-
proach toward the realization of self-assembled bulk materials with
pre-defined properties. New concepts such as empty liquids and
equilibrium gels have been formulated. Yet no experimental evidence
of these predictions has been provided. Here we report the first
observation of empty liquids and equilibrium gels in a complex col-
loidal clay, and support the experimental findings with numerical
simulations. We investigate dilute suspensions of a synthetic clay
Laponite extending the observation time for low concentration sam-
ples to time-scales significantly longer than those previously stud-
ied. We discover that a significant evolution takes place on the
year timescale. Samples undergo an extremely slow, but clear phase
separation process which terminates at a finite clay concentration,
above which the samples remain in a homogeneous arrested state.
Moreover, the slow aging dynamics peculiar of Laponite suspensions
drive an arrest transition through a very slow rearrangement, so that
equilibrium gels are formed. The observed features are similar to
those predicted in simple models of patchy particles, suggesting that
Laponite forms an (arrested) empty liquid at very low concentrations.
These new phenomenology has been observed by direct visual in-
spection and by Small Angle X-ray measurements and it has been
confirmed by extensive numerical simulations with a primitive model
of patchy Laponite discs [1].

[1] B. Ruzicka et al., Nature Materials 10, 56 (2011).
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Collective vibrational modes as signature of a
static length accompanying the glass transition

Giacomo Baldi

CNR-IMEM, Parma

I will present the results of a series of inelastic x-rays scattering
experiments performed on vitreous silica at various densities and on
its parent polycrystalline aggregates, α-quartz and α-cristobalite.
The main result of our work is the observation of a particularly large
static length, ξ ∼ 20 interatomic distances, connected to the size of
the elastic heterogeneities in the glass. The glass behaves elastically
as a continuum medium at large wavelengths, ξ � λ. The atomic
vibrations feel the microscopic details of the structure when ξ ∼ λ
and their spectrum becomes almost indistinguishable from that of
the corresponding polycrystal as the frequency is increased further.
Here the glass shows a rich vibrational spectrum, which includes
the three acoustics and the optic modes of the crystal averaged over
the wave-vector orientations. I will discuss the connection between
the length ξ and the frequency of the glass excess vibrations at the
boson peak, suggesting an increase of this length as the temperature
is lowered below the glass transition.

Looking into the future of neutron scattering with
ESS: Current status and scientific opportunities

Heloisa Bordallo

Niels Bohr Institute & ESS
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The European Spallation Source (ESS) is on track to be build
in Lund, Sweden and co-hosted by both Denmark and Sweden. The
ESS will offer an order of magnitude greater peak neutron flux than
what is currently available in the world. These unprecedented bright
neutron beams will enable new science and allow us to examine mat-
ter with a clarity that is not attainable with current neutron sources.
With accelerator and target station currently under detailed design
considerations, ESS is focusing on the neutron instrumentation suite.
In the talk I will discuss the current status of the ESS project and
focus on the proposed neutron scattering instrumentation, its capa-
bilities and the processes we have put in place to identify and pursue
scientific opportunities.

Exploring the phase diagram of salty water:
polyamorphism and crystalline phases

Livia Bove

CNRS & Université Pierre et Marie Curie

It is widely accepted that ice, no matter what phase, is unable to
incorporate large amount of salt into its structure. This conclusion is
based on the observation that upon freezing of salt water, ice expels
the salt almost entirely into brine, a fact that can be exploited to
desalinate seawater. We show, by neutron diffraction measurements
under high pressure and molecular dynamic simulations, that this
behavior is not an intrinsic physico-chemical property of ice phases.
We find that, in spite of the high amount of salt, dense LiCl-water
solutions vitrify at ambient pressure in a structurally compact form
very similar to the relaxed high-density amorphous phase of pure wa-
ter (e-HDA). The presence of salt triggers a reversible polyamorphic
transition, under annealing at high pressure, to a new very-high-
density amorphous form (VHDA) with higher coordination of water
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molecules around ions [1]. Under further high-pressure annealing the
system crystallizes into the ice VII structure incorporating homoge-
neously the salt into the ice lattice [2]. Such an ‘alloyed‘ ice VII has
significantly different structural properties compared to pure ice VII,
such as 8% larger unit cell volume, absence of transition to the or-
dered ice VIII structure, plasticity, and most likely ionic conductivity.
Our study strongly suggests that there could be a whole new class
of salt hydrates based on various kinds of solutes and high-pressure
ice forms. If these exist in nature in significant quantity, their physi-
cal properties would be highly relevant for the understanding of icy
bodies in the solar system.

[1] L.E. Bove, S. Klotz, and M. Saitta, Physical Review Letters 106,
125701 (2011).
[2] S. Klotz, L.E. Bove, et al., Nature Materials 8, 405 (2009).

A thermodynamic description of the glass
transition

Uli Buchenau

Forschungszentrum Juelich

In undercooled liquids, the anharmonicity of the interatomic po-
tentials causes a volume increase of the inherent structures with
increasing energy content. In most glass formers, this increase is
stronger than the vibrational Grueneisen volume expansion and dom-
inates the thermal expansion of the liquid phase. For a gaussian
distribution of inherent states in energy, the generic case, this im-
plies a parabolic increase of the structural entropy with increas-
ing volume. The corresponding compressibility contribution has the
Prigogine-Defay ratio one in any case. In experiment, one finds
a higher Prigogine-Defay ratio, explainable in terms of structural

24



volume changes without any energy change. These should always
exist, though their influence becomes weak in close-packing systems,
at the crossover to soft matter.

Primitive beta-relaxation as origin of the dynamic
transition observed in solvated proteins

Simone Capaccioli

Dipartimento di Fisica, Università di Pisa

Dynamic transition of hydrated or solvated proteins occurs at
some temperature Td, when mean square displacements, observed by
Mössbauer spectroscopy and incoherent neutron scattering experi-
ments, show a change of slope in temperature dependence. Recent
experiments demonstrated that this phenomenon is determined by
the entrance of a molecular relaxation process into the spectrometer
time window [1, 2]. Since interaction with solvents can directly af-
fect the molecular dynamics of proteins, in turn controlling biological
function [3], a tempting idea could be the regulation of biological
activity through the dynamic properties of solvent. Therefore, it is
crucial to understand which kind of motions of the solvents is coupled
to the dynamic processes in proteins. In fact, the simple assumption
that protein motions are controlled by structural relaxation or by the
viscosity of the solvent created several conundrums questioning the
origin of dynamic transition [4]. Moreover, the ligand escape rates
from proteins to solvents have been shown to be sometime decoupled
from solvent viscosity, needing the assumptions that the viscosity
near the protein surface is lower than in the bulk [4]. In this work we
show, by comparing broadband dielectric relaxation with Mössbauer
and neutron spectroscopy data, that the primitive beta-relaxation [5]
of the solvent and not the structural one is responsible for both pro-
tein dynamic transition and ligand escape rate.
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[1] W. Doster et al., Phys. Rev. Lett. 104, 098101 (2010)
[2] R. D. Young, H. Frauenfelder, P. W. Fenimore, Phys. Rev. Lett
107, 158102 (2011)
[3] P. W. Fenimore et al., Proc. Natl. Acad. Sci. U.S.A. 101, 14408
(2004)
[4] W. Doster, BBA-PP 1804, 3 (2010)
[5] S. Capaccioli, K.L. Ngai, N. Shinyashiki, J. Phys. Chem B 111,
8197 (2007)

Polyamorphism and high pressure experiments

Bernard Champagnon

Université Lyon 1

Glasses and glass-forming liquids are important materials from a
technological point of view, they are submitted to important stresses
during their use and their fabrication. On the other hand pressure
induced structural transformation of glasses is of fundamental inter-
est and the concept of polyamorphism characterized by Low Density
Amorphous (LDA) and High Density Amorphous (HDA) "phases" is
extensively studied. Tetrahedral network glasses like a-Si, silica or
a-GeO2 are widely studied but nevertheless the densification pro-
cesses taking place at a microscopic level are not fully understood.
In this talk we will focus on high pressure experiments in a Diamond
Anvil Cell on different glasses where the reversible and irreversible
densification processes are followed in situ by Raman and Brillouin
scattering experiments. The structural changes and their interpreta-
tion in term of polyamorphism in the elastic and the plastic domains
will be discussed.

26



Equivalence of the boson peak in glasses to the TA
van Hove singularity in crystals

Aleksandr Chumakov

European Synchrotron Radiation Facility, Grenoble

We compared the atomic motions in a glass and a crystal using
nuclear inelastic scattering, a technique that determines the exact
number of vibrational states. The results show that around the boson
peak, the number of states in a glass is exactly the same as the
number of sound wave states in the crystal around the transverse
acoustic (TA) van Hove singularity [1].

Application of pressure causes the transformation of the reduced
DOS of the glass towards the reduced DOS of the crystal: The
boson peak decreases in height and shifts to higher energy, mov-
ing towards the TA singularity. Measurements of density and sound
velocity suggest that the transformation is caused by a gradual stiff-
ening of the elastic medium. Once corrected for the difference in
the elastic medium (re-plotted in the Debye energy units), the bo-
son peak matches the transverse acoustic singularity in height and
energy [1].

These observations unambiguously identify the boson peak with
sound waves.

[1] A. I. Chumakov, G. Monaco, A. Monaco, W. A. Crichton, A.
Bosak, R. Rúffer, A. Meyer, F. Kargl, L. Comez, D. Fioretto, H. Giefers,
S. Roitsch, G. Wortmann, M. H. Manghnani, A. Hushur, Q. Williams,
J. Balogh, K. Parliński, P. Jochym, and P. Piekarz, Physical Review
Letters 106, 225501 (2011)

Folding pathways diversity for a small beta-protein
using the DRP method
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Roberto Covino

Dipartimento di Fisica, Università di Trento & FBK-LISC

It has long been debated whether proteins fold through few well-
defined pathways or trough a large multitude of independent ways.
Answering these questions is made difficult by the fact that standard
molecular dynamics simulations are very computationally expensive
and often impracticable, even using the largest supercomputers.

The Dominant Reaction Pathway (DRP) is a recently developed
approach that permits to efficiently study the thermally activated con-
formational dynamics of bio-molecules - in particular protein folding
- in atomistic detail. We present our recent application of the DRP
method to the folding of a 35 amino acid protein (Fip35) and provide
evidence for the existence of only two dominant folding pathways.

This result is consistent with the analysis of the experimental
available data on the folding kinetics and with the results obtained
from large-scale molecular dynamics simulations of this system, per-
formed on a dedicated supercomputing machine. On the other hand,
exploiting the efficiency of the DRP formalism, computing a folding
trajectory of this protein only required about one hour on 48 CPU’s.

Raman line-shape analysis to investigate the
hydrogen bonds behavior in peptide solutions

Francesco D’Amico

ELETTRA Sincrotrone Trieste

The behavior on hydrogen bonds in peptide solutions is still a
topic of great interest, despite several decades of intense studies.
The reasons are manifold, notably the difficulty to fully understand
the HB behavior from the energetic point of view. In such a vast field
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of research an attempt line-shape analysis of the Raman features, in
the 500-4000 cm-1 energy range, can make a significant contribution
in understanding the HB mechanisms in peptide solutions . With this
purpose we have studied the Raman lineshape of spectra collected on
simples peptide solutions, evidencing how information about the HB
temperature dependence can be extrapolated. In addition the role
played by water in the formation of the hydrophobic shell around
the hydrophobic groups present in such solutions is analyzed and
discussed.

Static and dynamic structure of water-methanol
mixtures

Simone De Panfilis

Università di Roma "Sapienza"

The hydration structure and thermodynamics of simple and com-
plex polar or non-polar entities in water is central to a molecular
understanding of many biological and chemical processes, including
protein folding and the self-assembly of micelles or membranes. The
peculiar interaction of water with solutes stems from the molecular
nature of the solvent itself. Thus, to understand the water-induced
conformational and behavioural changes in macromolecules, one has
to study not only the effects of water on the solutes but also the
reverse, i.e. the modified behaviour of water in the vicinity of these
entities. Within this framework, we carried out several experiments
on water solutions of a simple amphiphilic molecule, the methanol,
that made use of advanced x-ray and neutron techniques. We will
present our preliminary results and comment on the outcomes of this
study.

What constitutes a simple liquid?
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Jeppe Dyre

Roskilde University

Simple liquids are traditionally defined as many-body systems
of classical particles interacting via radially symmetric pair poten-
tials. We suggest that a simple liquid should be defined instead by
the property of having strong correlation between virial and poten-
tial energy equilibrium fluctuations in the NVT ensemble. There is
considerable overlap between the two definitions, but also some no-
table differences. For instance, in the new definition simplicity is not
a property of the intermolecular potential only because a liquid is
usually only strongly correlating in part of its phase diagram. More-
over, according to the new definition not all simple liquids are atomic
(i.e., with radially symmetric pair potentials) and not all atomic liq-
uids are simple. The main part of the paper motivates the new
definition of liquid simplicity by presenting evidence that a liquid is
strongly correlating if and only if its intermolecular interactions may
be ignored beyond the first coordination shell (FCS). This is demon-
strated by NVT simulations of structure and dynamics of 15 atomic
and molecular model liquids with a shifted-forces cutoff placed at the
first minimum of the radial distribution function. No proof is given
that the chemical characterization follows from the strong correlation
property, but it is shown to be consistent with the existence of iso-
morphs in strongly correlating liquids’ phase diagram. Finally, we
note that the FCS characterization of simple liquids calls into ques-
tion the basis for standard perturbation theory, according to which
the repulsive and attractive forces play fundamentally different roles
for the physics of liquids.

Brillouin Light Scattering and Phonon
Propagation in Mesoscopic Soft Materials

George Fytas
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Max Planck Institute for Polymer Research, Mainz, Germany &
Department of Materials Science, University of Crete &

IESL/FORTH, Heraklion, Greece

High resolution spontaneous Brillouin light scattering (BLS) is a
powerful nondestructive optical technique to measure the dispersion
relation ω(k ) between the frequency and the phonon wave vector k
of high frequency (GHz) elastic/acoustic excitations in transparent
materials. It can be also applied to turbid systems to resolve lo-
calized in space and hence k-independent vibration modes. Here,
examples of BLS applications to both disordered and nanostructured
soft matte will be highlighted. For homogeneous systems, over the
shortest wave length of hypersonic phonons (less than about 0.2
µm), BLS can probe a fast (10-100ps) relaxation of the longitudinal
modulus M* which although relates to the α-relaxation process it is
faster than the α-relaxation (τα ) in amorphous polymers. This dis-
parity appears to relate to the breadth of the relaxation distribution
function [1]. In the case of glassy polymers (ωτα � 1), only a sin-
gle doublet is present in the BLS spectrum (longitudinal phonon in
VV and transverse phonon in VH) at each k and the access of the
thermomechanical properties is straightforward. For confined thin
films (hk < 1, h being the thickness), the existence of boundaries
has a substantial influence on the in-plane [2] and out-of-plane [3]
elastic wave propagation and the BLS displays a rich structure with
a wealth of information on size dependent mechanical moduli and
glass transition. Colloid and polymer science offer methods to create
novel materials that possess periodic variations of density and elastic
properties at mesoscopic length scales commensurate with the wave
length of hypersonic phonons and hence photons of the visible light.
Polymer-and colloid-based phononics [4] is an emerging new field at
the interface of soft materials science and condensed matter physics
with rich perspectives ahead. Depending on the components of the
nanostructured composite materials, the resolved vibration eigen-
modes (their music) of the individual particles sensitively depend
on the particle architecture and their thermo-mechanical properties
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[5,6]. In periodic structures (the concert) of polymer based colloids,
the dispersion relation ω(k ) has revealed hypersonic phononic band
gaps of different nature [7,8]. Since hypersonic crystals can simul-
taneously exhibit phononic and photonic band gaps in the visible
spectral region, and phonons are the main heat carriers in dialectics,
many technological applications are feasible.

[1] P. Voudouris, A.L. Grand, N.Hadjichristidis, G. Floudas, M.D.
Ediger, and G. Fytas, J. Chem. Phys. 132, 074906 (2010)
[2] W. Cheng, R. Sainidou, N. Stefanou, M. Efremov, G. Fytas, and P.
F. Nealey Macromolecules 40, 7283 (2007)
[3] N. Gomopoulos, W. Cheng, M. Efremov, P.F. Nealey, and G. Fytas,
Macromolecules 42, 7164 (2009)
[4] W.Cheng, M. Retsch, U. Jonas, G. Fytas, and N. Stefanou, Nature
Mater. 5, 830 (2006).
[5] T. Still, R. Sainidou, M. Retsch, U. Jonas, P. Spahn, G. Hellmann,
and G. Fytas, Nano Lett. 10, 3194 (2008).
[6] T. Still, M. Mattarelli, D. Kiefer, G. Fytas, and M. Montagna, J.
Phys. Chem. Lett. 1, 2440 (2010).
[7] T. Still, W. Cheng, M. Retsch, R. Sainidou, U. Jonas, N. Stefanou,
and G. Fytas, Phys. Rev. Lett. 100, 194301 (2008).
[8] T.Still, G. Gatzounis, D. Kiefer, G. Hellmann, R. Sainidou, G. Fy-
tas, and N. Stefanou, Phys. Rev. Lett. 106, 175505 (2011)

Fragile to strong dynamic crossover in confined
water and in aqueous solutions: viable routes for

finding the liquid-liquid critical point

Paola Gallo

Dipartimento di Fisica, Università di Roma Tre

In the last few years compelling evidences from simulations have
indicated that in bulk water the fragile to-strong dynamic transition
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in the diffusive behavior is coupled to the low-density/high-density
liquid transition [1]. In this picture, above the liquid-liquid criti-
cal pressure, the diffusivity crossover occurs in temperature at the
Widom line, the line along which the thermodynamic response func-
tions show maxima. Below the liquid-liquid critical pressure, the
diffusivity crossover must occur when the temperatures of the limit
of mechanical stability lines are crossed. Using molecular dynam-
ics simulations I will show how this picture transfers from bulk to
confinement and from bulk to solutions. I will in particular show the
behaviour of relaxation times for water in MCM41 upon supercool-
ing [2] and compare it with experiments. For water in solutions with
NaCl [3] and with hydrophobic solutes[4] I will show the diffusion
coefficients in a wide range of temperatures and pressures upon su-
percooling and the emerging dynamical picture will be superposed
to the phase diagrams. All these results show that the study of the
dynamics, and in particular of the fragile to strong transition, of su-
percooled water in confinement and in solutions represent a viable
route for experimentalists to solve the open question of the existence
of the liquid-liquid critical point.

[1] L. Xu et al., Proc. Natl. Acad. Sci. U.S.A. 102, 16558-16562
(2005).
[2] P. Gallo, M. Rovere, and S.H. Chen, J. Phys. Chem. Lett. 1, 729
(2010).
[3] P. Gallo, D. Corradini, and M. Rovere, Mol. Phys., accepted,
on line DOI:10.1080/00268976.2011.635605 (2011); P. Gallo and M.
Rovere, in preparation (2012).
[4] D. Corradini, P. Gallo, S.V. Buldyrev, and H.E. Stanley, Signature
of the liquid-liquid transition in the diffusivity crossover in hydropho-
bic solutions, Submitted.

Exploring strong correlation physics with cold
fermions in optical lattices
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Antoine Georges

Collège de France & École Polytechnique, Paris

Artificial crystals made of ultra-cold atoms trapped by laser
beams can be engineered with a remarkable level of controllability,
and allow for the study of quantum physics in previously unexplored
regimes, hence opening up new frontiers between condensed matter
physics and quantum optics. In this lecture, I will give an overview
of some of these developments and of some challenges.

Theoretical approaches to the dynamics of
polymeric liquids

Marina Guenza

University of Oregon

We present an overview of our recent work on the coarse-graining
and dynamics of polymer liquids and mixtures. Because it develops
on a wide range of time- and length-scales the dynamics of polymer
liquids is difficult to study by computer simulations and to formalize
through a single theoretical approach. To overcome the limitations
of computer simulations we propose a coarse-grained (CG) method
where polymers are represented as soft spheres or chains of soft
spheres. Our CG approach is based on liquid state theory, as it com-
bines the rescaling of the pair distribution function with the PRSM
theory at the atomistic level. The simplicity of the model allows for
analytical solutions of many of the relevant properties, both static and
dynamic, and shows thermodynamic consistency for the CG model. A
first-principle analytical rescaling procedure is presented for the dy-
namics and tested against experiments and atomistic simulations for
polymer melts of different chemical structures, showing quantitative
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agreement. We also propose a Langevin approach to the dynamics
of polymeric liquids, which directly relates the microscopic molecular
structure to macroscopic dynamical properties. Different theories of
polymer dynamics are conventionally used to describe dynamics in
the unentangled and entangled regimes. Our approach is Langevin
equation, where intermolecular interactions are explicitly accounted
for, which applies in both regimes. Inputs to the theory are structure
and semiflexibility of the polymeric chain, its degree of polymeriza-
tion, and the specific thermodynamic conditions. Predicted dynamics,
tested against data of dynamical properties observed experimentally
and in simulations, show quantitative agreement.

Exploring the physics of disorder with a tunable
Bose-Einstein condensate

Massimo Inguscio

LENS, Università di Firenze & CNR-INO

The combination of disorder and nonlinearities determines the
transport properties of many physical systems, including normal con-
ductors and superconductors, biological systems, or light in disor-
dered nonlinear media. While a full understanding of the interplay
of disorder and nonlinearities has long been sought, the lack of com-
plete control over experimental parameters in most systems makes
systematic investigations difficult, and there are still several open
questions.

I will describe how we are employing Bose-Einstein condensates
with tunable interactions in combination with optical potentials to
address some of the open questions related to transport properties
and to quantum phase transitions. On one side, we are studying the
various insulating phases that arise for low-dimensional interacting
bosons in presence of disorder. On the other, we are exploring the
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interplay of interactions and noise in the diffusion of matter waves
along a disordered lattice potential.

Magnetic Effects from Crystal Embryos in the
Cold Glasses

Giancarlo Jug

Dipartimento di Fisica e Matematica, Università dell’Insubria Como

In the last decade or so, surprising magnetic effects in the phys-
ical properties of non-metallic multicomponent silicate and organic
glasses have been reported at low and ultra low temperatures. In
the case of the polarization-echo experiments, some understanding
has been gained by ascribing the magnetic effects to the presence
of atoms carrying nuclear quadrupole electric moments. A single
explanation for all of the magnetic and other anomalous effects is
however still missing. We present such single explanation, relying
on a multiphase structure for real glass whereby micro-, nano- or
crystal drops ubiquitous in the amorphous solids become the nests
of the magnetic response. The model we use has already been able
to explain the thermal and dielectric magnetic anomalies and the
absence of the acoustic ones. We can now show how this structural
explanation can also account quantitatively for all features reported
for the echo experiments in a magnetic field, including the so-called
isotope effect which results from a mere mass substitution. In turn,
this explanation shows that the boson peak in glasses and the lower-
temperature magnetic anomalies have a single and same source.

On a static computation of critical slowing down
exponents in glassy dynamics
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Luca Leuzzi

CNR-IPCF, Roma

SAn important prediction of Mode-Coupling-Theory is the rela-
tionship between the decay exponents in the α and β regimes and the
so-called λ parameter. In the original structural glass context these
relations follow from MCT equations, obtained making rather uncon-
trolled approximations. As a consequence, it is usually assumed that
the relationship between the exponents is correct while the parame-
ter λ has to be effectively treated like a tunable parameter. On the
other hand, it is known that in some mean-field spin-glass models
the dynamics is precisely described by MCT. In that context λ can be
computed exactly, though moving to more realistic models it becomes
difficult to estimate it. By means of an effective Landau formulation
we can show that it is possible to link λ to physical observables and,
consequently, provide a general procedure to compute it in any sys-
tem. The connection can, further, be extended to theories predicting a
continuous phase transition, e.g., across the dAT line in spin-glasses.
The procedure has been applied to Ising p-spin, Potts and Random
Orthogonal models, as well as to the Sherrington-Kirkpatrick model
in magnetic field, both in fully connected and dilute systems (the
so-called Bethe lattice). Comparison to existing numerical data is
presented and discussed.

New results on the low energy excitations in
amorphous silicon

Xiao Liu

Naval Research Laboratory
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It has been established that the universal low energy excitations
in amorphous solids can be reduced by three orders of magnitude
in hydrogenated amorphous silicon, and the inclusion of judicious
amount of hydrogen is thought to be important [1]. Here we report
new results of internal friction of e-beam evaporated amorphous sil-
icon. We show that the internal friction of this hydrogen-free amor-
phous silicon can be reduced by two orders of magnitude from that
of the universal value found in almost all amorphous solids when the
films are deposited at a substrate temperature of 400◦C. This is ac-
companied by a 60% increase of its shear modulus. Films deposited
at substrate temperature of 200◦C to 300◦C have an internal friction
only by a factor of three smaller than those deposited at room temper-
ature. The internal friction results are consistent with specific heat
results on similarly prepared e-beam amorphous silicon films. This
new finding is discussed in the content of the tetrahedrally bonded
structure of the material.
Work supported by the Office of Naval Research

[1] X. Liu, B. E. White, Jr., R. O. Pohl, E. Iwanizcko, K. M. Jones,
A. H. Mahan, B. N. Nelson, R. S. Crandall, and S. Veprek, Phys. Rev.
Lett. 78, 4418 (1997)

Non-equilibrium steady states of driven particle
transport with nearest neighbor interactions

Philipp Maass

University of Osnabrück

Lattice gases provide useful models for investigating driven par-
ticle transport and have been applied to describe such diverse phe-
nomena as, for example, biopolymerization, motions of proteins along
filaments, flow of molecules through vessels, ion conduction through
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membrane channels, electron transport along molecular wires, and
traffic. The asymmetric simple exclusion process (ASEP) appears as
a basic building block in the theoretical description of such driven
systems and has developed into one of the standard models for
investigating non-equilibrium steady states (NESS). I address the
problem of variables controlling NESS in the presence of particle
interactions beyond hard-core repulsions and present a theoretical
approach based on time-dependent density functional theory [1] to
predict boundary-induced bulk phases in generic situations, where
the minimum and maximum current principles can no longer be ap-
plied.

[1] M. Dierl, P. Maass, and M. Einax, Europhys. Lett. 93, 50003
(2011); ibid., Phys. Rev. Lett., in press

Relation of water structural relaxation to water
anomalies

Francesco Mallamace

Università di Messina

The anomalous behavior of thermodynamic response functions is
an unsolved problem in the physics of water. The mechanism that
causes the heat capacity, the compressibility, and the coefficient of
thermal expansion to increase indefinitely inside the supercooled
regime is unknown. We explore this problem by analyzing both new
and old experimental data on bulk and confined water at ambient
pressure. On decreasing the temperature, we find that the liquid
undergoes a structural transformation with the onset of an extended
hydrogen bond network. We also find that water response functions
are governed by the related dynamical relaxation, which is reflected
in the frequency and wave vector dependence of the sound disper-
sion, and is evidence of liquid polymorphism. We conclude that,
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under these conditions, the thermal functions and their correspond-
ing fluctuations remain finite at ambient pressure.

Conformation of exciton-coupled molecular dimers
in membranes and in DNA by phase-modulation 2D

fluorescence spectroscopy

Andrew H. Marcus

University of Oregon

The ability to determine three-dimensional structures of macro-
molecules and macromolecular complexes plays a central role in the
fields of molecular biology and material science. Methods to ex-
tract structural information from experimental observations such as
X-ray crystallography, NMR, and optical spectroscopy are routinely
applied to a diverse array of problems, ranging from investigations
of biological structure-function relationships to the chemical basis
of molecular recognition. In recent years, two-dimensional (2D) op-
tical methods have become well established to reveal incisive in-
formation about non-crystalline macromolecular systems - informa-
tion that is not readily obtained from conventional linear spectro-
scopic techniques. 2D optical spectroscopy probes the nanometer-
scale couplings between vibrational or electronic transition dipole
moments of neighboring chemical groups; similar to the way NMR
detects the angstrom-scale couplings between adjacent nuclear spins
in molecules [1-4]. Phase-modulation 2D fluorescence spectroscopy
(PM-2D FS) holds promise as a general approach for the structural
analysis of non-crystalline macromolecular systems on the nanometer
length scales for which chromophore electronic couplings occur [5, 6].
Here we apply PM-2D FS to resolve the exciton couplings in dimers
of magnesium meso tetraphenylporphyrin (MgTPP), which are em-
bedded in 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) lipo-
somal vesicles. MgTPP is a non-polar molecule that preferentially
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enters the low dielectric amphiphilic regions of the phospholipid bi-
layer. At intermediate concentration, MgTPP forms dimers, as evi-
denced by changes in the linear and 2D absorption spectra. Com-
parison between experiment and simulated spectra show that con-
sideration of both linear absorption and 2D spectra constrains the
possible conformations of the dimer to a T-shaped geometry. These
experiments establish PM-2D FS as an effective approach to elu-
cidate chromophore dimer conformation. In PM-2D FS, a collinear
sequence of four laser pulses is used to excite electronic popula-
tion. The nonlinear signal is detected by sweeping the phases of
the excitation pulses, and using lock-in amplification to monitor the
spontaneous fluorescence. This technique provides an ultra-sensitive
means to detect nonlinear optical signals. Spectroscopic studies of
macromolecular conformation, based on exciton-coupled labels could
be practically employed to extract detailed structural information.
As examples, the results from two other experimental systems will be
presented: 1) studies of the temperature-dependent conformational
transitions of a covalently linked ZnTPP dimer in liposomal vesicles,
and 2) studies of the local conformations of DNA constructs, for which
two adjacent guanine residues are substituted with a UV fluorescent
analog, 6-methyl isoxanthoptherin [7].

[1] R.R. Ernst, G. Bodenhausen, and A. Wokaun, Principles of Nuclear
Magnetic Resonance in One and Two Dimensions1990, Oxford, U.K.:
Oxford University Press.
[2] D.M. Jonas, Science 300, 1515-1517 (2003).
[3] S. Woutersen and P. Hamm, J. Phys.: Condens. Matter, 14, R1035-
R1062 (2002).
[4] T. Brixner, J. Stenger, H.M. Vaswani, M. Cho, R.E. Blankenship,
and G.R. Fleming, Nature 434, 625 (2005).
[5] P.F. Tekavec, G.A. Lott, and A.H. Marcus, J. Chem. Phys. 127,
214307 (2007).
[6] G.A. Lott, A. Perdomo-Ortiz, J.K. Utterback, J.R. Widom, A. Aspuru-
Guzik, and A.H. Marcus, Proc. Nat. Acad. Sci. 108, 16521 (2011).
[7] K. Datta, N.P. Johnson, G. Villani, A.H. Marcus, and P.H. von Hip-
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pel, Nucl. Acids Res., 2011.

Heteregeneous shear elasticity of glasses: the
origin of the boson peak

Alessia Marruzzo(1), Walter Schirmacher(1)(2), Andrea Fratalocchi(3),
and Giancarlo Ruocco(1)

(1)Dipartimento di Fisica, Università di Roma "Sapienza"
(2)Universität Mainz (3)PRIMALIGHT, King Abdullah University of

Science and Technology

From comparing results of a very-large scale computer simula-
tion of a soft-sphere glass with a mean-field theory for a system of
spatially fluctuating local shear moduli we obtain compelling evi-
dence that the known vibrational anomalies of glasses (boson peak,
crossover from Rayleigh to non-Rayleigh scattering and negative
sound dispersion) are entirely due to disorder-induced heterogenous
dilatation-free shear stresses. It is argued that the anomalies are
due to the breakdown of the local translational and rotational sym-
metry leading to random-matrix-like vibrational states.

FERMI@elettra based scattering experiments

Claudio Masciovecchio

ELETTRA Sincrotrone Trieste

A free-electron laser (FEL) facility, FERMI@elettra, is currently
under commissioning in Trieste. The electron bunch acceleration
scheme makes FERMI unique among the present FEL’s operating
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worldwide. The capabilities of FERMI to deliver 10-1000 fs pulses
in the 10-1000 eV range open the way to investigations of the fun-
damental properties of matter with an unprecedented temporal res-
olution. We will discuss the expected impact of FERMI in studies
of fast phenomena in solids, liquids and gases, combining scattering
and spectroscopic approaches.

Vibrational dynamics and Brillouin scattering in
crystals of weakly interacting soft spheres

Maria Secchi(1), Maurizio Mattarelli(1), Maurizio Montagna(1), Tim
Still(2), Dirk Schneider(3), George Fytas(3)(4)

(1)Dipartimento di Fisica, Università di Trento
(2)Department of Physics and Astronomy, University of

Pennsylvania
(3)Max Planck Institute for Polymer Research, Mainz

(4)Department of Materials Science, University of Crete and
FORTH, Heraklion

Inelastic light scattering is widely used for the study of the acous-
tic vibrational dynamics of nano-particles. For small particles d < 20
nm, few low frequency modes are observed; as the particle size in-
creases, new higher frequency modes appear, and the relative in-
tensity of the observed peaks is size-dependent. These studies laid
the foundation of the particle vibration spectroscopy, the acoustic
analogue of the molecular vibration spectroscopy.

When analyzing aggregates of identical particles, in a first ap-
proximation, the spectra can be described by a single particle model
within the continuum approximation of the Lamb theory. The model
yields excellent results for particles with diameter d ∼ 500 nm, but
fails in accounting for the lineshapes of the observed lowest fre-
quency signals in the vibration spectrum of smaller particles due to
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a broadening and shift of the lines of confined vibrations, and in
predicting an additional very low frequency broad band attributed to
phonon propagation in multiple-particle clusters.

In order to explain these effects, the vibrational dynamics of a
simple model for the particle interaction, based on an fcc crystal of
soft spheres, was studied and compared with that of a single free
sphere. For weak interaction among the spheres, the vibrational dy-
namics of the crystal is described by shallow bands, with low degree
of dispersion, corresponding to the acoustic spheroidal and torsional
modes of the single sphere. Important dispersion is found for the two
lowest phonon bands, which correspond to zero frequency free trans-
lation and rotation of a free sphere. These results allowed describing
the new spectral features and estimating the strength of the interac-
tions and the long wavelength longitudinal velocity in the colloidal
clusters.

[1] T. Still, M. Mattarelli, D. Kiefer, G. Fytas, and M. Montagna,
J. Phys. Chem. Lett. 1, 2440-2444 (2010).
[2] M. Mattarelli and M. Montagna, Chem. Phys. Lett. 524, 112-115
(2012).
[3] M. Mattarelli, M. Montagna, T. Still, D. Schneider, and G. Fytas,
Soft Matter, in press.

Evidence of coexistence of change of caged
dynamics at Tg and the dynamic transition at Td in

solvated proteins

Kia L. Ngai

Dipartimento di Fisica, Università di Pisa & CNR-IPCF

Mössbauer spectroscopy and neutron scattering measurements
on proteins embedded in solvents including water and aqueous mix-
tures have emphasized the observation of the distinctive temperature

44



dependence of the atomic mean square displacements, < u2 >, com-
monly referred to as the dynamic transition at some temperature
Td . At low temperatures, < u2 > increases slowly, but it assume
stronger temperature dependence after crossing Td , which depends
on the time/frequency resolution of the spectrometer. Various authors
have made connection of the dynamics of solvated proteins including
the dynamic transition to that of glass-forming substances. Notwith-
standing, no connection is made to the similar change of temperature
dependence of < u2 > obtained by quasielastic neutron scattering
when crossing the glass transition temperature Tg, generally ob-
served in inorganic, organic and polymeric glass-formers. Evidences
are presented here to show that such change of the temperature de-
pendence of < u2 > from neutron scattering at Tg is present in
hydrated or solvated proteins, as well as in the solvent used, un-
surprisingly since the latter is just another organic glass-former. If
unaware of the existence of such crossover of < u2 > at Tg, and if
present, it can be mistaken as the dynamic transition at Td with the
ill consequences of underestimating Td by the lower value Tg, and
confusing the identification of the origin of the dynamic transition.
The < u2 > obtained by neutron scattering at not so low tempera-
tures has contributions from the dissipation of molecules while caged
by the anharmonic intermolecular potential at times before dissolu-
tion of cages by the onset of the Johari-Goldstein beta-relaxation or
of the merged α-β relaxation. Dynamics, in this temperature and
timescale range, emerge in permittivity loss as a power law, with a
small exponent, that it is known as nearly constant loss, whose in-
tensity has a temperature slope with a sharp change on crossing Tg.
The universal change of < u2 > at Tg of glass-formers, independent
of the spectrometer resolution, had been rationalized by sensitivity
to change in volume and entropy of the dissipation of the caged
molecules and its contribution to < u2 >. The same rationalization
applies to hydrated and solvated proteins for the observed change of
< u2 > at Tg.
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Heterogeneous and anysotropic dynamics of a 2D
gel

Davide Orsi

Università di Parma

We report X-ray Photon Correlation Spectroscopy (XPCS) results
on bi-dimensional (2D) gels formed by a Langmuir monolayer of gold
nanoparticles. The system allows an experimental deter- mination
of the fourth order time correlation function which is compared to
the usual second order correlation functions and to the mechanical
response measured on macroscopic scale. The observed dynamics
is anisotropic, heterogeneous and super-diffusive on the nanoscale.
Different time scales, associated with fast heterogeneous dynamics
inside 2D cages and slower motion of larger parts of the film, can be
identified from the correlation functions. The results are discussed in
view of other experimental results and models of three-dimensional
gel dynamics.

Vibrational collective dynamics of dry and
hydrated proteins in the Terahertz region

Alessandro Paciaroni

Università di Perugia

The coherent density fluctuations of a perdeuterated dry and hy-
drated protein have been studied by Brillouin neutron spectroscopy.
Besides a nearly wavevector-independent branch located around 5
meV, a propagating mode with a linear trend at low wavevector Q
is revealed. The corresponding speed of 3780±130 m/s of the dry
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protein is definitely higher than that of the hydrated system. Above
Q=0.8 Å−1 this mode becomes overdamped, with lifetimes shorter
than 0.1 ps, in fashion similar to glassy materials. The present re-
sults indicate that dry proteins sustain coherent density fluctuations
in the THz frequency regime. The trend of the longitudinal modu-
lus indicates that in this frequency range dry biomolecules are more
rigid than hydrated proteins. An estimate for the sub-molecular units
fluctuating in THz window is provided.

The role of the disorder on the anomalous
diffusion in 3D crowded media: simulations and

NMR experiments

M. Palombo(1) V. Servedio(1), A. Gabrielli(1)(3), G. Ruocco(1)(2), and S.
Capuani(1)(2)

(1) Università di Roma "Sapienza"
(2) CNR-IPCF UOS Roma

(3) CNR-ISC, Roma

Anomalous diffusion (AD), in which mean squared displacement
(MSD) does not increase linearly with time, (MSDµtα ) is predicted
in simulations of solute diffusion in crowed media. Although there is
a lot of literature about diffusion in 2D crowded media, there is a lack
of studies concerning 3D crowding. 3D investigations are particu-
larly interesting because they allow us to assess the real impact of
the molecular crowding on diffusion without the low-dimensional re-
strictions. We performed molecular dynamics simulations for creating
mono- and poly-dispersed packed sphere systems with different dis-
order degree. Diffusion in these 3D media was modeled as a three-
dimensional random walk and simulated by means of Monte Carlo
based algorithms. The disorder degree was quantified by computing
the translational order and the bond-orientational order parameters.
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The crowding effect on diffusion process, was characterized by eval-
uating the AD exponent α . Our computational data indicate that α is
affected by both the density and the spatial distribution of obstacles.
Our results suggest that the spatial distribution pattern of excluded
volume plays an important role in the AD processes and that α may
be used as a new order parameter, due to its dependence on the
void-void interconnections order. Experimental results, obtained in
packed polystyrene micro-sphere systems by using diffusion NMR
techniques, fully confirm our simulation results.

Dynamical Correlation Length and Relaxation
Processes in a Glass Former

Raffaele Pastore

Università di Napoli "Federico II"

The dynamic slowing down occurring in supercooled liquids has
been related to the presence of Dynamical Heterogeneities, i.e. clus-
ters of particles dynamically correlated during times and over lengths,
whose typical size grows on approaching the glass transition. Here
I will illustrate results concerning the kinetically constrained Kob-
Andersen lattice glass model, I have investigated via Monte Carlo
simulations. I have found that contrary to current expectations, the
relaxation process and the dynamical heterogeneities are character-
ized by different time scales. Indeed, I will show that the relaxation
time is related to a reverse percolation transition, whereas the time of
maximum heterogeneity is related to the spatial correlation between
particles, one can rationalized using theories for diffusing defects.
This investigation leads to a geometrical interpretation of the relax-
ation process of glassy systems, and of the different observed time
scales.
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The Free Energy Landscape of water by computer
simulations and complex network analysis

Freiburg Institute for Advanced Studies

Water is the natural environment where biological processes take
place. A precise molecular knowledge of its behaviour is a neces-
sary prerequisite for modelling and developing mechanistic conclu-
sions about such processes. To this aim, we present the study of
the free-energy landscape of water by means of molecular dynamics
simulations coupled with complex network analysis. At high tempera-
tures, structural inhomogeneities extending up to two solvation shells
are found to be entropically stabilized. Upon cooling these inhomo-
geneities tend to disappear where, at ambient temperature, water
molecules are preferentially either ordered, in a fully-coordinated
arrangement, or disordered with three hydrogen bonds per molecule.
In the supercooled region, water kinetics abruptly changes and the
system is characterized by a funnel-like free energy landscape. The
tools and conclusions presented here provide a mechanistic descrip-
tion of water structure and dynamics at an atomic level, paving the
way for a consistent modelling of water in biological processes.

Correlation of the instantaneous and the
intermediate-time elasticity with the structural

relaxation in glassforming systems

Francesco Puosi and Dino Leporini

Dipartimento di Fisica, Università di Pisa

The elastic model of the glass transition relate the increasing
solidity of the glassforming systems with the huge slowing down of
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the structural relaxation and viscous flow. The solidity is quantified
in terms of the instantaneous shear modulus G∞, i.e. the immediate
response to a step change in the strain. By MD simulation of a
model polymer system, one shows the virtual absence of correlations
between the instantaneous elasticity and the structural relaxation.
Instead, a precise scaling is evidenced by considering the elastic
response observed at intermediate time after initial fast stress relax-
ation. The scaling regime ranges from sluggish states with virtually
pure elastic response on the picosecond timescale up to high-mobility
states where fast restructuring events are more apparent. The univer-
sal correlation of the residual elasticity and the incipient plasticity on
the picosecond time scale with the cage restructuring is validated by
comparison with experimental data spanning about eighteen decades
in relaxation time and a wide range of fragility.
Reference: F. Puosi and D. Leporini, arXiv:1108.4629v1

Low-temperature thermal and thermodynamic
properties of butanol glasses

Miguel A. Ramos

Universidad Autonóma de Madrid

We have measured at low temperatures the specific heat, the ther-
mal conductivity, and the longitudinal and transverse sound velocities
of glasses from different isomers of butanol (n-butanol, sec-butanol
and iso-butanol), as well as the low-temperature specific heat for
the crystals of n-butanol, iso-butanol and tert-butanol. Whereas the
elastic constants both for crystals and glasses are found to be almost
independent of the position of the hydrogen bonds, the thermal prop-
erties at low temperatures of these glasses at a few kelvin (around
the boson peak in the reduced specific heat or around the plateau in
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the thermal conductivity) are found to vary strongly [1]. Our exper-
iments clearly contradict other works or models claiming a Debye
scaling of the boson peak, and hence of the excess low-temperature
specific heat of glasses.

We have also measured the specific heat of those butanol isomers
above liquid nitrogen temperatures, hence around their glass transi-
tion and melting temperatures, in order to study the thermodynamic
behaviour of glass-forming butanol depending on hydrogen-bonding
location, as well as to determine their controversial residual glass
entropy at 0 K.

[1] M. Hassaine, M. A. Ramos, A. I. Krivchikov, I. V. Sharapova, O.
A. Korolyuk, R. J. Jimenez-Rioboo (submitted)

Effect of cross-linking and branching on the
molecular properties of cyclodextrin-based
polymers: a vibrational spectroscopy study

B. Rossi(1), S. Caponi(1), S. Corezzi(2), C. Crupi(3), D. Fioretto(2), A.
Fontana(1), M. Giarola(4), D. Majolino(3), G. Mariotto(4), A. Mele(5), F.

Trotta(6), V. Venuti(3)

(1)Dipartimento di Fisica, Università di Trento
(2)Dipartimento di Fisica, Università di Perugia
(3)Dipartimento di Fisica, Università di Messina

(4)Dipartimento di Informatica, Università di Verona
(5)Dipartimento di Chimica "G. Natta", Politecnico di Milano

(6)Dipartimento di Chimica, Università di Torino

Cyclodextrin nanosponges (CDNS) are a new class of cross-
linked nanoporous polymers obtained by reaction of cyclodextrins
(cyclic oligomers made of 6, 7 or 8 glucopyranose units) with a suit-
able polyfunctional cross-linking agents. Cyclodextrins (CD) poly-
merize in a three-dimensional network, whose main feature is the
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simultaneous presence of lyphophilic cavities and hydrophilic chan-
nels which can be used to encapsulate, carry and/or release a great
variety of substances. Moreover, the use of different cross-linking
agents may provide a useful modulation of physico-chemical prop-
erties of the final material. For these reasons CDNS have been
exploited in a variety of fields, including bio-catalysis, agriculture,
environmental control and pharmaceutical applications. The present
investigation is performed on two classes of -CDNS obtained by
reacting -CD with pyromellitic anhydride (PMA) and carbonyldi-
imidazole (CDI), with the aim to better clarify the role played by
the type and relative amount of cross-linking agent on the molec-
ular properties of the polymeric network. By using Raman and IR
spectroscopy, we inspected the vibrational dynamics of these poly-
mers over a wide frequency range, with the aim of providing physical
descriptors correlated to the cross-linking degree and elastic prop-
erties of the material. The study, supported by quantum chemical
computations, of spectral properties of hydroxyl O-H and carbonyl
C=O groups vibrational bands observed in the spectrum of different
nanosponges has been carried out as function of temperature, giv-
ing important information about the structure of the CDNS network.
These results will be compared with those obtained by inspecting
of low-frequency range of the Raman scattering spectrum where we
can observe important spectral modifications of the so-called Boson
Peak.

Brillouin scattering from superpolished vitreous
silica in the Urbach-tail

Benoit Rufflé

University of Montpellier II

Recent ab initio simulations have shown that the Urbach-tail of
v-SiO2 is related to the existence of structural correlations that were
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called hidden structures in [1]. It would be of considerable interest
to experimentally observe these structures. To this effect one can en-
vision to study the Landau-Placzek ratio RLP. Indeed, the resonant
Rayleigh scattering by hidden structures in the region of the Urbach
tail should increase the elastic intensity over that value simply due to
the disorder frozen-in at the fictive temperature. Brillouin linewidths
could also be affected by refractive index fluctuations. This paper
discusses the output of a first inelastic UV Brillouin scattering ex-
periment on v-SiO2 using a high grade superpolished silica sample,
with the main goal of determining the E-dependence of RLP and
Brillouin linewidths close to the absorption edge [2].

[1] F. Inam, J. P. Lewis, and D. A. Drabold, Phys. Status Solidi A
207, 599 (2010).
[2] B. Rufflé, E. Courtens, and M. Foret, Phys. Rev. B 84, 132201
(2011).

Structural Relaxation and Aging in Glasses

Beatrice Ruta

European Synchrotron Radiation Facility, Grenoble

Glasses are usually defined as liquid that have lost their ability
to flow being trapped in a metastable state from which they slowly
evolve, or age, toward the corresponding equilibrium liquid phase.
Despite aging is known by decades, a clear picture of the mechanism
driving a liquid out of the equilibrium is still missing[1]. The problems
is that most of the information on dynamics comes from indirect stud-
ies on macroscopic quantities, such as viscosity or elastic moduli[2],
or from the investigation of the evolution of the high frequency tail
of dielectric spectra[3]. Here, we provide the first direct experimental
study of the evolution of the structural relaxation in both glassy and
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supercooled liquid state, as a function of both temperature and wait-
ing time, and for different cooling rates. The structural relaxation has
been measured in an Mg65Cu25Y10 metallic glass former by moni-
toring the decay of the intermediate scattering function by means
of X-Ray Photon Correlation Spectroscopy at atomic length scale.
By comparing the results with different macroscopic information we
have been able to draw a more complete picture of the glass transition
phenomenology. In particular we find the existence of an extremely
complex dynamics in the glassy state characterized by three differ-
ent aging regimes and a universal dynamical crossover between the
metastable glassy state and the equilibrium liquid phase. These re-
sults are fundamental to improve the knowledge on glasses and on
their applications. The similarities with the behaviour of soft matter
materials, such as gels and colloids, strengthen moreover the idea
of a universal mechanism driving all these systems out of equilibrium.

[1] Angell, C. A., et al. J. Appl. Phys. 88, 3113-3157 (2000) ;
Berthier, L. and Biroli, G. Rev. Mod. Phys. 83, 587-645 (2011).
[2] Struik, L. C. E. Physical aging in amorphous polymers and other
materials (Elsevier, Amsterdam, 1978) ; Hodge, I. M. J. Non-Cryst.
Sol. 169 211-266 (1994).
[3] Alegria, A. et al. Macromolecules 28, 1516-1527 (1995).Leheny,
R. L. and Nagel, S. R. Phys. Rev. B 57, 5154-5162 (1998) ; Lunken-
heimer, P. et al. Phys. Rev. Lett. 95, 055702 (2005).; Casalini, R.
and Roland, C. M. Phys. Rev. Lett. 102, 035701 (2009).

Sub-ps photoinduced dynamics in Heme-proteins
studied by Femtosecond Stimulated Resonance

Raman Scattering

Tullio Scopigno

Dipartimento di Fisica, Università di Roma "Sapienza" &
CNR-IPCF, Roma
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Time Resolved Resonance Raman (TR3) is a powerful technique
to address protein dynamics, whose time resolution has been im-
proved over the years from microseconds to a few picoseconds. If
an acceptable spectral resolution (<15cm−1) is to be maintained,
however, no further improvement of thetime resolution (<1ps) is ob-
tainable due to Heisenberg’s uncertainty principle. Therefore, this
method -inits traditional realization- still lacks the ability to ob-
serve primary events and ultrafast dynamics.Moreover, the signals
are typically weak due to the low spontaneous Raman cross section.

Femtosecond Stimulated Raman Spectroscopy (FSRS) is a pow-
erful method to "circumvent" theafore mentioned time-energy resolu-
tion Fourier transform limit. Using dispersed detection, indeed,spectral
resolution is fundamentally limited by the vibrational dephasing time
only, rather than by theRaman pulse duration. Nonetheless, the time
resolution is only determined by the duration of the pulse initiat-
ing the macroscopic polarization in the sample and, of course, by
the photochemical pump. This "disentanglement" of time and energy
resolution allows reaching values ∼30fs/15cm−1.

We recently combined the principles of FSRS and TR3, devel-
oping a Femtosecond StimulatedResonance Raman (FSRRS) setup
with broadly tunable Raman pulse in the range 340-550 nm, resonant
with several molecular transition. Results for ultrafast photoinduced
dynamics in heme-proteins (horse hearthMyoglobin (Mb)) will be
shown as test case. We observed a sequential two-step ground state
recovery mechanism, with signatures of a stable DeOxy state visible
already after 50 fs and a complete transition occurring in less than
300 fs. The present study -combined with ultrafast transient absorp-
tion investigations- allows unravelling the details of the structural
dynamics associated to the population kinetics involved in the pho-
tolysis process.

Aging rates in a simple glass and its melt

Herbert Schober
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Forschungszentrum Jülich

We calculated with molecular dynamics simulation the aging
rates in a binary Lennard-Jones glass and its undercooled melt. At
temperatures above the mode coupling theory (MCT) critical temper-
ature Tc pressure or volume, internal energy and diffusivity age with
the same rate. Below Tc we see a split of the aging rates into a fast
one for the diffusivity and a much slower one for pressure or volume
and internal energy. The latter aging rate is roughly proportional
to the diffusivit y. The observed stretched exponential behavior is
shown to stem from the faster aging of the diffusivity. Aging of of
internal energy and pressure proceeds exponentially with the mean
square displacement. The exponential prefactor exhib its the kink at
Tc seen earlier in the pressure dependence of the diffusivity.

Polyelectrolyte-induced aggregation of liposomes:
cluster phase formation and destabilization by

added salt

Simona Sennato

Università di Roma "Sapienza"

Self-assembly of charged liposomal particles with oppositely charged
polyions gives rise to long-lived finite-size mesoscopic aggregates.
The formation of the observed kinetically stabilized cluster phase
results from some balance between a short range attraction and an
electrostatic repulsion. Close to the isoelectric point, the vesicles
form large aggregates, whose size can be appropriately tuned by
varying the concentration ratio, reaching its maximum at the isoelec-
tric condition (re-entrant condensation), where charge inversion also
occurs [1,2]. Mechanism inducing aggregation is intimately connected
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to the strong local correlation between the polyelectrolyte chains ad-
sorbed on the liposomes surface yielding a non uniform charge dis-
tribution on the polyelectrolyte-decorated liposomes. By MC sim-
ulations, we explored the aggregation kinetics of polyelectrolyte-
decorated colloid systems and reproduce the main features of the
re-entrant condensation phenomenology [3]. The destabilizing effect
of added salt, that manifest itself as an abrupt change in the grow-
ing dynamics of the aggregates when a critical salt concentration
is reached, can also be qualitatively described within this picture.
Further investigations are in progress in order to clarify the nature
of this experimentally observed thermodynamic destabilization.

[1] A. Grosberg et al., Rev. Mod. Phys. 74, 329 (2002).
[2] F. Bordi et al., J. Phys.: Cond. Mat. 21, 203102 (2009)
[3] D.Truzzolillo et al. Eur. Phys. J. E 29, 229 (2009)

Boson peak and marginal rigidity of glasses

Walter Schirmacher

Universität Mainz

From comparing results of a very-large scale computer simulation
of a soft-sphere glass with a mean-field theory for a system of spa-
tially fluctuating local shear moduli we find evidence for a rigidity-
percolation scaling scenario. Within the theory the presence of finite
local viscosity is mimicked by a small amount of negative shear stiff-
nesses and an anharmonic damping term. Within this theory the bo-
son peak and the associated negative dispersion of the longitudinal
and transverse sound velocities appear as a precursor phenomenon
of the breakdown of rigidity with increasing amount of negative local
shear stiffness. The theory can be mapped to mode-coupling theo-
ries of the percolation transition, featuring an ω3/2 dependence of the
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current-current correlation spectra. Such a frequency-fractal law is
clearly seen in the simulated data.

Studying the folding of knotted proteins by
Monte Carlo simulations

Tatjana Skrbic

Laboratorio Interdisciplinare di Scienza Computazionale, Trento

Knotted proteins are the object of an increasing number of ex-
perimental and theoretical studies, because of their ability to fold
reversibly in the same topologically entangled conformation. The
topological constraint significantly affects their folding landscape,
thus providing new challenges to the funnel folding theory. Recently
developed experimental methods to trap and detect knots have sug-
gested that denaturated ensembles of the knotted proteins should be
knotted. We study the folding mechanism leading to the formation of
knots in proteins by Monte Carlo simulations, employing a coarse-
grained model that contains both native and non-native interactions.
We concentrate on the early stage of the folding transition of two
homologous proteins, one of which displays the knot in its native
state. We find that the non-native interactions promote the formation
of knots in the denaturated state of the protein with a topologically
non-trivial native structure. On the other hand, the same interac-
tions have no effect in the unknotted protein. In addition, we find
that if the non-native interactions are neglected, no knot is formed in
the denaturated state of either protein. We argue that the knotting
occurs through the threading of the alpha-helix near the C-terminal
through unspecific loops, formed in the inner region of the chain.

Cooperativity and heterogeneities in dynamics of
glass-forming systems: new insight
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Alexei Sokolov

University of Tennessee

The mechanism behind the steep slowing down of molecular mo-
tions upon approaching the glass transition remains a great puzzle.
Most of the theories relate this mechanism to the cooperativity in
molecular motion. However, direct measurement of molecular coop-
erativity is currently not accessible and in many cases the length
scale of dynamic heterogeneity is measured instead. In this talk we
present estimates and analysis of the length scale of dynamic het-
erogeneity L in many glass-forming systems. We demonstrate that
L directly correlates to the dependence of the structural relaxation
on volume (density). This dependence presents only one part of the
mechanism of slowing down the structural relaxation. Our analysis
reveals that another part, the purely thermal variation of the struc-
tural relaxation, does not have a direct correlation with molecular
heterogeneity. Moreover, detailed analysis reveals no correlation
between the steepness of the temperature dependence of structural
relaxation and the length of dynamic heterogeneity. This correlation
is expected in most of the current models proposed for description of
the glass transition. These results call for a conceptually new ap-
proach to the analysis of the mechanism of the glass transition and
to the role of molecular coopertaivity/heterogeneity in slowing down
of structural relaxation.

Space-resolved Dynamics in a the Lorentz Model

Markus Spanner

Friedrich-Alexander - Universität Erlangen
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The Lorentz model is a simple model for transport in porous mate-
rials, where a point-like tracer explores the space between an array
of quenched spherical obstacles. It was shown in previous com-
puter simulations, that in the vicinity of the localization transition,
the remaining void space becomes fractal, thus transport is drasti-
cally hindered and anomalous dynamics emerges. In the case where
one considers only trajectories on the infinite cluster, sub-diffusive
motion, characterized by a mean square displacement proportional
to t2/dw , is found to follow an exponent of dw = 4.81, known as
the walk dimension. Employing further extensive molecular dynam-
ics simulation, both for ballistic and Brownian motion, we investigate
the spatio-temporal dynamics of tracer particles in the Lorentz model
in terms of the intermediate scattering functions. Covering different
time and length scales simultaneously, these functions are sensitive
to both the underlying spatial fractal and the anomalous transport.
We compare our simulation results close to the critical density to a
mode-coupling approach, and find that certain aspects are surpris-
ingly well predicted.

Protein Hydration: water dynamics and protein
stability

Fabio Sterpone

Institut de Biologie Physico-Chimique, Paris

Water dynamics around biomolecules is generally slowed down
with respect to bulk and shows interesting features like transient sub-
diffusive translation and non-exponential reorientational dynamics
[1].

This finding is investigated vis-à-vis of the geometrical and ener-
getic disorders characterizing the protein surface and experienced by
interfacial water [2]. In particular thanks to the molecular extended
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jump model introduced by Laage and Hynes [3], it is now possible
to fully understand the microscopic origin of the heterogeneous re-
orientational dynamics and to quantify the topological and energetic
contribution to this dynamics [4].

The effect of protein composition and the possible role of interfa-
cial water on protein stability will be then addressed in concluding
the talk [5].

[1] B. Halle, Phil. Trans. R. Soc. Lond. B 359, 1207-24 (2004);
A. R. Bizzarri, and S. Cannistraro, J. Phys. Chem. B 106, 6617-6633
(2002).
[2] F. Pizzitutti, M. Marchi, F. Sterpone, and P.J. Rossky, J. Phys.
Chem. B 111, 7584-7590 (2007).
[3] D. Laage, and J.T. Hynes, Science 311, 832-835 (2006).
[4] F. Sterpone, G.Stirnemann, J.T. Hynes, and D. Laage, J. Phys.
Chem. B 114, 2083-2089 (2010).
[5] F. Sterpone, C. Bertonati, G. Briganti, and S. Melchionna J. Phys.
Chem. B 113, 131-137 (2009).

Glassy dynamics in ordered phase

Josep Lluis Tamarit

Universitat Politècnica de Catalunya

Canonical glasses are obtained for a large variety of systems by
freezing the translational and rotational degrees of freedom. Ori-
entational glasses correspond to a kind of glasses for which only
the orientational degrees of freedom displayed in the orientationally
disordered (OD or plastic phase) are frozen, while the long-range
ordered lattice remains. It has been largely shown that dynamics of
OD phases share many common features with liquid glass formers
and that, in fact, the orientational degrees of freedom control almost

61



completely the disorder of structural glasses. In this communication
we will describe some representative examples in which the frozen
disorder is still diminished and for which the features characterizing
the glass behavior, as the alpha/beta scenario, are still present. The
systems concern the monoclinic low-temperature phase of tetrahedral
(rigid) molecules (CBrnCl4−n, n = 0, 1, 2) where an intrinsic disor-
der appears linked to the occupational disorder of the halogen sites
within the asymmetric unit (Z=4) as well as the low-temperature
phase of 2-adamantanone in which the oxygen atom also lies in
3 non-equivalent occupational sites within the asymmetric unit. In
these ordered systems a physically identifiable disorder gives rise
to large angle molecular rotations which inherently lead to time av-
erage fluctuations of the molecular dipole, thus contributing to the
dielectric susceptibility.

Exploring the phase diagram of salty water:
polyamorphism and crystalline phases

Coralie Weigel

Université Montpellier II

We have performed new Brillouin scattering measurements of the
velocity and attenuation of hypersonic waves as a function of pres-
sure P in vitreous silica [1]. The hypersoundattenuation coefficient
exhibits a sharp maximum located at 2 GPa which appears to co-
incide with the well-known minimum in sound velocity. The results
are analyzed together with previous literature data. Internal friction
measurements are described satisfactorily using a model including
dissipative effects of anharmonicity and thermally activated relax-
ation of structural defects. From this model, the associated velocity
changes were calculated, and subtracted from the data to obtain the
bare velocities (the so-called unrelaxed velocities) as a function of
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T at different P. v∞; (T) is almost constant at low T, then increases
linearly above a temperature onset T0 . We find evidence for an in-
crease of T0 with pressure P [1]. This is in agreement with numerical
simulations in which the observed hardening is related to changes
of the ring conformations with T [2,3].

[1] S. Ayrinhac, et al., Phys. Rev. B 84, 024201 (2011).
[2] L. Huang and J. Kieffer, Phys. Rev. B 69, 224203 (2004).
[3] Y. Liang, et al., Phys. Rev. B 75, 024205 (2007).
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Application of the Kubo-Anderson model to
investigate the Raman spectra lineshape of

biological solutions

Gaia Camisasca

Dipartimento di Fisica, Università di Roma "Sapienza" & ELETTRA
Sincrotrone Trieste

Water is an integral part of biological systems: it plays a primary
role in interactions mechanism and folding process in protein-water
solutions because of it influences via hydrogen bond (HB) their dy-
namic. In the complexity of such landscape, Raman spectroscopy
results to be a powerful technique to investigate the local HB be-
havior of biological solutions because it allows to focus the attention
on HB involving specific atom groups with respect to the behav-
ior of system in its entirety. The interactions of specific molecular
groups of a certain organic molecule with the surrounding environ-
ment lead to a vibrational relaxation respect to the normal mode,
causing a notable band shape modification of the Raman isotropic
profile. Such lineshape modification can be analyzed following the
stochastic Kubo-Anderson model, with the aim to predict the dynam-
ical parameters needed to characterize relaxation process. To verify
if the Kubo-Anderson model can be used successfully to investigate
the HB behavior on complex organic systems, we have studied ac-
etamide water solutions through Raman spectroscopy. Acetamide
presents the methylic, carbonilic and amide functional groups, which
are the basis of many proteins, and therefore can be considered as
a valid simplified model system. The purpose is to compare the en-
vironmental modulation time achieved by the Kubo-Anderson model
and verifying if it can be related to the HB involving the specific
vibrating atoms.
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Aggregation processes in micellar solutions: a
Raman study

G. Cazzolli(1), S. Caponi(2), C. M. C. Gambi(c), S. Marchetti(c), M.
Mattarelli(a), M. Montagna(a), B. Rossi(a), F. Rossi(a), G. Viliani(a)

(1)Dipartimento di Fisica, Università di Trento
(2)CNR-IOM, Perugia

(3)Università di Firenze & CNISM

Ionic surfactants such as Sodium Dodecyl Sulfate (SDS) belong
to the amphiphile family: they possess a long hydrophobic hydrocar-
bon chain and a polar hydrophilic headgroup. In a polar solvent and
over the critical micellar concentration these molecules join to form
micelles. The micellar solutions, in turn, if doped with various lig-
ands tend to aggregate. Here, solid SDS, micelles of SDS in water
and micelles of SDS doped with two types of macrocyclic ligands,
Kryptofix 2.2.2 (K222) and crown ether 18-Crown-6 (18C6), at dif-
ferent concentration are studied by Raman scattering that represents
a new approach to such systems. The experimental Raman spec-
trum obtained on crystalline powders of SDS is compared with the
ab initio computed spectrum in order to assign the main vibrational
bands. After discriminating sensitive peaks by comparing the crys-
talline powders of the single components and their water solutions,
the aggregation process and the action of the ligands are analyzed
following the evolution of the intensity and wavenumber of these
characteristic Raman peaks. This shows that Raman spectroscopy is
sensitive to the aggregation dynamics and to the effects induced by
the hydration layer on the molecules in solutions. A saturation effect
in the aggregation process with the increase of the ligand concen-
tration is observed.

Dynamics of interfacial water in molecules of
increasing complexity
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D. Fioretto(1), L. Comez(2), L. Lupi(1), A. Morresi(3), M. Paolantoni(3),
P. Sassi(3)

(1)Dipartimento di Fisica, Università di Perugia (2)CNR-IOM
Perugia, Italy (3)Dipartimento di Chimica, Università di Perugia

We studied the influence of hydrophilic and amphiphilic molecules
of increasing complexity on the dynamics of water in diluted solu-
tions. We made coupled use of interferometric and dispersive devices
for collecting extended frequency band depolarized light scattering
spectra (EDLS), from fraction of gigahertz to tens of terahertz [1-4].
This method allowed us to separate solute from solvent dynamics
and bulk from hydration water, providing both characteristic times
and relative fractions. The retardation factor of hydration water with
respect to bulk water has been found to range from 3-4 in a simple
monosaccharide, up to 7-8 in polypeptides and proteins, correspond-
ing to a perturbed fraction of water that extends from the first layer
up to 2-3 layer over the solute molecule. This result suggests the ex-
istence of collective effects, possibly related to the complex patchwork
of hydrophilic and hydrophobic sites that interact with hydration wa-
ter.

[1] M. Paolantoni et al., J. Phys, Chem. B 113, 7874 (2009).
[2] M. E. Gallina et al., J. Chem. Phys. 132, 214508 (2010).
[3] S. Perticaroli et al., J. Phys. Chem. B 114, 8262 ( 2010).
[4] S. Perticaroli et al., J. Am. Chem. Soc., 133, 12063 (2011).

Molecular docking in the study of new potential
anti-HIV agents

Andrea Defant and Ines Mancini

Dipartimento di Fisica, Università di Trento
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Computational approach is widely recognized as the starting
phase in recent drug development, in order to predict biological
properties of a series of molecules, from which selecting the best
candidates to be synthesized and later tested in bioassays. Many
computational tools have been developed for studying the interac-
tions involved between a ligand (drug) and enzymes or DNA. One
of most used approaches is molecular docking, which allows to find
favorable orientations of potential ligands into the active or allosteric
site of the macromolecules and evaluates the interaction energy score
derived from empirical force field. In our recent activity on drug de-
sign of potential anti-HIV agents solving the problem of resistance
observed with the known therapeutic molecules, we have focused our
attention on non-nucleoside inhibitors of reverse transcriptase. It is
a crucial enzyme for the virus replication and represents an optimal
candidate to fight the viral infection. Based on X-ray crystallo-
graphic structures of reverse transcriptase interacting with clinical
drugs, AutoDock and Molegro softwares have been applied for the
docking calculations on a wide series of new molecules in compari-
son with clinical agents. This approach provides a selection of novel
molecules showing a more favorable interaction energy than the one
observed with commercial drugs. This study has indicated a re-
duced number of molecules, to be synthesized and further subjected
to bioassays.

Segregation of granular mixtures in an inclined
rotating drum

Francesco di Liberto

Dipartimento di Scienze Fisiche, Università di Napoli "Federico II"

One of main phenomenon associated with granular matter is cer-
tainly the phase segregation that one observes when a granular
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mixture is shaked, or poured Less studied are the radial and axial
segregation in the so-called Oyama’s drum Usually this experiment
consists in rotating a tube which is half filled with a sand mixture.
We report on current experiments on the stability of the segregation
of a ternary mixtures of rough and smooth granular materials in an
Inclined Rotating Drum. (IRD). We show the effects of the variable
lateral slope on the rapid radial segregation, the slow axial segre-
gation and on the structure of the axial bands. The results will be
compared with the previsions of a phenomenological model for the
axial segregation which takes in account the effects of this new de-
gree of freedom ( the lateral slope). We have performed experiments
of axial segregation in the Oyama’s drum with the lateral slope. The
segregation patterns have been captured by a video camera. The
instabilities originate from the competition between axial and radial
segregations. The lateral slope does not influence the competition at
very slow rotating speed (2rpm),where we do not have axial segrega-
tion. Instead at rotating speed of 50 rpm the effects of are relevant. In
our experiment the mixture is composed by 3 granular species differ-
ing in size and having different angles of repose. The three different
sands have different colours. White grains have a mean diameter
around d = 0.90 mm. Green grains have a mean diameter around
d= 1.10 mm. The red grains have a mean diameter around d = 1.00
mm.

Dynamics in lipid-based systems: a QENS
investigation

Yuri Gerelli

Institut Laue Langevin, Grenoble

The study of the internal dynamics of lipid bilayers present chal-
lenges and questions not yet answered. The main question was the
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role of water and of temperature on the characteristic motions pre-
sented by a lipid molecule; moreover there is a lack of information
on the geometry of the motions and on their assignment to a specific
region of the lipid molecule. A full understanding of these dynamical
features is important for the comprehension of the biological mech-
anisms that drive the functioning of cell membranes. Quasielastic
neutron scattering has been widely used to investigate the dynam-
ical features, at the atomic length scale, of lipid macromolecules as
micelles, vesicles, emulsions or liposomes. In particular lipid mem-
branes (i.e. bilayers) exhibit a complex dynamics that consists of a
superposition of different processes that contribute to the observed
mobility. We have performed a detailed analysis of the conforma-
tional and segmental dynamics in lipid-based vesicles and on stacked
membranes using quasielastic neutron scattering. Using up to 3 in-
struments to study in the same conditions the same sample we could
collect data spanning a time window from 0.1 ps to 500 ps. More-
over the combined use of several instruments allowed us to probe
a really wide Q-range going from 0.1 to 3.5 Å−1 (length-scale 0.2
to 5 nm). On a wide set of data, from liposomes and from stacked
membranes, we could develop a dynamical model that combines tor-
sional isomerization to local and confined diffusion of the hydrogen
atom of the sample. Our data evidence the presence of dynamical
heterogeneities: protons in the headgroup and in the initial part
of the hydrophobic chain perform slow diffusive motions in a con-
fined volume; those belonging to the end part of the chains show a
faster confined diffusivity together with torsional isomerization tran-
sitions. The characteristic times for torsional motions are generally
lower than 100 picoseconds, as derived from NRM spectroscopy and
molecular dynamics simulations. The validity! and re liability of the
model has been tested with simultaneous fit over all the data col-
lected for the same sample covering all the probed Q- and energy-
windows at the same time.

Propylene Glycol Alginate (PGA) as Thickening
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Agent for Enamel Matrix Derivate (EMD) Proteins

Peggy Heunemann

ETH Zürich

Periodontitis is a bacterially-induced inflammation affecting the
irreversible destruction of the periodontium. A progressive loss of
the periodontium tissues that surround and support teeth, leads un-
treated to the loosening and subsequently loss of teeth. Strau-
mann? Emdogain provides a periodontal treatment that is based
on a re-establishment of the periodontium by its regeneration with
Emdogain?s active component Enamel Matrix Derivate (EMD) and
its carrier solution propylene glycol alginate (PGA). In recent years
many studies were done in understanding the basic biology of tooth
development that picked out as a central theme the native EMD-
proteins and their ability to generate lost tissues. The present work
focuses on the well-known viscosity modifier PGA that fulfills all
essential requirements for being an excellent excipient matrix dur-
ing periodontal surgery. It shows significantly antimicrobial effects
on the periodontal pathogens, facilitates the dissolution of the pure
hydrophobic EMD-proteins and their adhesion on the tooth surface.
The quality control of PGA is therefor a crucial concern and was
studied in more detail using its viscous properties. We also inves-
tigated the viscoelastic properties of the final PGA/EMD-mixture in
respect to the initial PGA one. For this purpose we employed rheo-
logical measurements on the final product, studied the effects of the
PGA molar mass variation, its acid catalyzed degradation and the
influence on the storage conditions.

Magnetic Effects from Crystal Embryos in the
Cold Glasses
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Giancarlo Jug

Dipartimento di Fisica e Matematica, Università dell’Insubria Como

In the last decade or so, surprising magnetic effects in the phys-
ical properties of non-metallic multicomponent silicate and organic
glasses have been reported at low and ultra low temperatures. In
the case of the polarization-echo experiments, some understanding
has been gained by ascribing the magnetic effects to the presence
of atoms carrying nuclear quadrupole electric moments. A single
explanation for all of the magnetic and other anomalous effects is
however still missing. We present such single explanation, relying
on a multiphase structure for real glass whereby micro-, nano- or
crystal drops ubiquitous in the amorphous solids become the nests
of the magnetic response. The model we use has already been able
to explain the thermal and dielectric magnetic anomalies and the
absence of the acoustic ones. We can now show how this structural
explanation can also account quantitatively for all features reported
for the echo experiments in a magnetic field, including the so-called
isotope effect which results from a mere mass substitution. In turn,
this explanation shows that the boson peak in glasses and the lower-
temperature magnetic anomalies have a single and same source.

Spatio-temporal anomalous diffusion by NMR

M. Palombo(1), A. Gabrielli(1)(4), S. De Santis(1)(3), C. Cametti(1), G.
Ruocco(1)(2), and S. Capuani(1)(2)

(1)Dipartimento di Fisica, Università di Roma "Sapienza"
(2)CNR-IPCF, Roma

(3)CUBRIC, Cardiff University
(4)CNR-ISC, Roma
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Anomalous diffusion (AD) is a property of many complex systems
and its related phenomena have been observed in various physical
fields. Some features of AD can be described using fractional dif-
fusion equations, which arise from the continuous time random walk
(CTRW) model. These equations involve two fractional exponents, α
and µ, which are the time and space derivatives fractional orders,
respectively. However, to our knowledge, it has never been carried
out an experimental α vs µ phase diagram showing the competi-
tion between superdiffusion and subdiffusion of diffusing molecules
in heterogeneous media. In this work, we experimentally challenged
the prediction of the CTRW theory measuring the fractional expo-
nents α and µ by NMR methods, based on Pulse Field Gradient
(PFG) technique, in samples of polystyrene micro-beads dispersed
in aqueous solution, and providing their interplay for the first time.
Mono-dispersed and poly-dispersed samples were used to check the
potential ability of α and µ parameters to detect different degrees of
systems disorder. Moreover, internal magnetic field gradients mea-
surements were performed to investigate the influence of the magnetic
susceptibility differences (∆χm) on measured α ; and µ parameters.
We found that α ; depends on the disorder degree of the system.
Conversely, µ depends on both beads sizes and ∆χm within samples.
Experimental results fully match with the CTRW predictions.

Sub-diffusion in heterogeneous porous media by
variable diffusion time Pulse Field Gradient NMR

M. Palombo(1)(2), C. Cametti(1), A. Barbetta(3), M. Dentini(3), and S.
Capuani(1)(2)

(1)Dipartimento di Fisica, Università di Roma "Sapienza"
(2)CNR-IPCF, Roma

(3)Dipartimento di Fisica, Università di Roma "Sapienza"
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Water diffusion in some biological systems can be anomalous
due to the complexity of these high heterogeneous media. There-
fore, over the last few years, new strategies to obtain nuclear mag-
netic resonance (NMR) images representative of anomalous diffusion
(AD) characteristic parameters have been developed. This work in-
troduces a novel imaging method to characterize and to map water
sub-diffusion in heterogeneous systems by means of variable diffu-
sion time diffusion weighted techniques. Using Pulse Field Gradient
NMR techniques, the signal attenuation is simply the Fourier Trans-
form (FT) of the motion propagator (MP). Our approach is based
on the theory of the Continuous Time Random Walk, where the MP
is defined as the solution of fractional diffusion equations involv-
ing the α parameter, which is the time derivative fractional order and
quantifies sub-diffusive processes. Here, we present the first α-maps
obtained in two controlled samples, characterized by highly porous
polymeric matrices (scaffolds) with randomly oriented interconnected
pores with different type of walls (smooth and rough), showing dif-
ferent microstructural rearrangement and morphological complexity.
Our results show that α-maps, based on AD description, unlike the
conventional mean diffusivity maps, based on Gaussian description
of diffusing water spins, are able to discriminate these two different
samples.

Low-temperature specific heat of a geological glass

Tomás Pérez-Castañeda

Universidad Autónoma de Madrid

Low-temperature properties of glasses show intriguingly differ-
ent characteristics from those of crystals. In this work we present
measurements of the specific heat of a fossilized natural resin (am-
ber) at low temperatures, which clearly shows a two-level-system
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contribution below 1 K, as well as a boson peak at T ∼ 3.8 K. This
glass has suffered an extreme physical aging as a result of millions
of years annealing at temperatures between 30◦C and 70◦C, which
is clearly seen in DSC measurements around the glass transition
as a huge enthalpy release when heating above Tg =110◦C. We
will present a comparative study on the specific heat of the original
amber and of that after erasing its thermal history, both around Tg
and at low temperatures. Brillouin scattering measurements have
been performed below room temperature down to 77 K to measure
the elastic properties of this geological glass, thereby assessing the
Debye contribution to the specific heat. These experiments will be
used to shed light on the discussion about how - and how much - the
lattice elastic contribution is present in the boson peak of glasses,
and on the way aging or annealing affects the main universal fea-
tures of glasses at low temperatures.

Space-resolved Dynamics in a the Lorentz Model

Markus Spanner

Friedrich-Alexander - Universität Erlangen

The Lorentz model is a simple model for transport in porous mate-
rials, where a point-like tracer explores the space between an array
of quenched spherical obstacles. It was shown in previous com-
puter simulations, that in the vicinity of the localization transition,
the remaining void space becomes fractal, thus transport is drasti-
cally hindered and anomalous dynamics emerges. In the case where
one considers only trajectories on the infinite cluster, sub-diffusive
motion, characterized by a mean square displacement proportional
to t2/dw , is found to follow an exponent of dw = 4.81, known as
the walk dimension. Employing further extensive molecular dynam-
ics simulation, both for ballistic and Brownian motion, we investigate
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the spatio-temporal dynamics of tracer particles in the Lorentz model
in terms of the intermediate scattering functions. Covering different
time and length scales simultaneously, these functions are sensitive
to both the underlying spatial fractal and the anomalous transport.
We compare our simulation results close to the critical density to a
mode-coupling approach, and find that certain aspects are surpris-
ingly well predicted.
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