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ABSTRACTS



“Dissipative self-assembling"

J. Miguel Rubí
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain. 

 E-mail: mrubi@ub.edu

The study of energy-dissipating self-assembling systems 
formed transiently, far from equilibrium, and under the 
constant influx of chemical energy represents a frontier in 
nanoscale assembly. Hierarchically structured membranes in a 
reaction-diffusion field, the self-assembly of molecular gels 
with surfactants and natural self-assembled structures such as 
the cytoskeleton and phospholipid membranes are formed by 
dissipative self-assembly (DSA).  In general, DSA systems 
consist of non-assembling entities which, through activation by 
an energy source, assemble into ordered structures. Energy 
dissipation causes deactivation of the building blocks, hence 
leading to a collapse of the formed structures. It remains a 
challenge to develop a DSA system that is chemically fueled. I 
discuss a case of DSA treated experimentally:  DSA of a 
molecular gelator by using a chemical fuel and give some ideas 
for the study of the kinetics of the process. 



"Self-Assembly of Colloidal Particles in Two-
Dimensions: Mesostructures."

Juan Carlos Fernández-Toledano, Arturo Moncho-Jordá, 
Francisco Martínez- López, and Roque Hidalgo-Alvarez

Biocolloid and Fluid Physics Group, Department of Applied Physics, 
Faculty of Sciences, University of Granada, Granada E-18071, Spain

E-mail: rhidalgo@ugr.es

The aim of this work is to simulate the formation of colloidal 
rings, circular clusters, and voids induced by oily lenses at the 
air-water interface1. The presence of two liquids with different 
surface tension leads to the formation of a no homogeneous 
interface2. In this case, the total interaction potential is assumed 
to be composed of only two terms; the first one is due to the 
(repulsive) pairwise dipolar force between partly immersed 
charged microspheres, whereas the second depends on the 
position of the particle at the interface and is connected to the 
interfacial stress caused by the difference of surface tension 
between both liquids. This simple potential is able to reproduce 
the experimental rings, circular clusters and voids found by 
different authors3.  
1.-R. McGorty, J. Fung, D. Kaz, V. N. Manoharan. Colloidal self-
assembly at an interface. Materials Today 13 (6), 34-42 (2010)
 
2.-J.C. Fernández Toledano, A. Moncho Jordá, F. Martínez López, R. 
Hidalgo Álvarez. Self-assembly in two dimensions of colloidal 
particles at liquid mixtures. Langmuir 22, 6746-6749, 2006

3.-J.C. Fernández Toledano, A. Moncho Jordá, F. Martínez López, R. 
Hidalgo Álvarez. Spontaneous formation of mesostructures in 
colloidal monolayers trapped at the air-water interface: A simple 
explanation. Langmuir 20, 6977-6980, 2004



"Scenarios in actuated soft matter: From self-
assembling monolayers to driven colloids"

Francesc Sagués

    Departament de Química Física 
    Universitat de Barcelona 

    Martí i Franquès 1 
    E-08028 Barcelona - SPAIN 

E-mail: f.sagues@ub.edu

In this presentation I will revise briefly some scenarios of 
dynamic self-assembling in soft matter systems. Essentially I 
will refer to air/water (Langmuir) monolayers, colloids and 
mixed systems of the two previous materials with liquid 
crystals. On what respects to Langmuir monolayers, I will 
report on a recent experimental demonstration of selection of 
orientational chirality  at the level of molecular assemblies at 
the microscale under controlled shearing. The propagation of 
such orientational patterns into a liquid crystal matrix will be 
also discussed, emphasizing the role of escaped defects. On 
what refers to colloids, I will concentrate on the behavior of 
actuated paramagnetic colloids, either driven on structured 
magnetic substrates or forced to precess close to a solid 
support. In the first situation I will analyze a situation of giant 
diffusivity in ratchetted particles, while emphasis will be given 
to directed and controlled transport in the second case. Finally 
I will mention the discovered possibility to break the 
orientation degeneration of liquid crystal cells by using 
dispersed anisometric paramagnetic colloids.



“Toward a Coarse-Grained Model of Water at  
Interfaces"

Cristian Esplugas and Giancarlo Franzese
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain. 

 E-mail: cristian.esplugas@gmail.com

Using Monte Carlo simulations, we study a coarse-grained 
model of water [1] confined between hydrophobic flat surfaces 
at low temperature. At very low pressures, the gradual 
formation of the hydrogen bond network is responsible for the 
large increase of the correlation time and, eventually, the 
dynamical arrest of the system [2]. At higher pressures, we 
observe different behaviors that we understand in terms of the 
hydrogen bond dynamics and of increasing fluctuations due to 
the vicinity of a liquid–liquid critical point. These fluctuations 
largely decrease when the water layer is confined in a fixed 
disordered matrix of hydrophobic nanoparticles [3]. We 
consider the case of a monolayer and extend the analysis to 
case of several layers of water.

[1] G. Franzese et al., J. Phys. Condens. Matter 14, 2201 (2002); G. 
Franzese et al., Phys. Rev. E 67, 011103 (2003); P. Kumar, G. 
Franzese, and H. E. Stanley, Phys. Rev. Lett. 100, 105701 (2008).

[2] G. Franzese and F. de los Santos, J. Phys. Condens. Matter 21, 
504107 (2009).  

[3] E. G. Strekalova, M. G. Mazza, H. E. Stanley, and G. Franzese, 
Phys. Rev. Lett. 106, 145701 (2011).



“Structural Analysis of Supercooled Water at  
Interface with Proteins"

Valentino Bianco and Giancarlo Franzese
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain. 

 E-mail: vbianco@ub.edu

Recently, several experiments have investigated the relation 
between the dynamics of the hydration water and the dynamics 
of protein. Here, we discuss the interpretations of these 
experiments in relation with the anomalous properties of water 
[1], performing a structural analysis of water adsorbed on a 
surface. We consider the effect of water on protein stability, 
making a step in the direction of understanding, by means of 
Monte Carlo simulations and theoretical calculations, how the 
interplay of water cooperativity and hydrogen bonds interfacial 
strengthening affects the protein cold denaturation [2].

[1] K. Stokely, M.G. Mazza, H.E. Stanley, G. Franzese, Proc. Natl. 
Acad. Sci. USA 107, 1301 (2010).

[2] G. Franzese, V. Bianco, and S. Iskrov, Food Biophysics, DOI 
10.1007/s11483-010-9198-4 (2010).  



“Crystal Formation in a Hydrophobically 
Nanoconfined Water Monolayer"

Oriol Vilanova and Giancarlo Franzese
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain. 

 E-mail: oriol.vilanova@gmail.com

Bulk water presents a large number of crystalline and 
amorphous ices. Hydrophobic nanoconfinement is known to 
affect the tendency of water to form ice and to reduce the 
melting temperature. However, a systematic study of the ice 
phases in nanoconfinement is hampered by the computational 
cost of simulations at very low temperatures. Here we develop 
a coarse-grained model for a water monolayer in hydrophobic 
nanoconfinement and study the formation of ice by Mote Carlo 
simulations. We find two ice phases: low-density-crystal ice at 
low pressure and high-density hexatic ice at high pressure, an 
intermediate phase between liquid and high-density-crystal ice.

Oriol Vilanova and G. Franzese, Structural and dynamical properties 
of nanoconfined supercooled water, pre-print arXiv:1102.2864 
(2011)

 



“Field-induced assembly of magnetic colloids"

Jure Dobnikar 
 

University of Cambridge, Department of Chemistry, Cambridge, UK 
Jožef Stefan Institute, Department for Theoretical Physics, Ljubljana, 

Slovenia
 E-mail: jd489@cam.ac.uk

We theoretically and experimentally study the condensed 
phases of spatially confined superparamagnetic spherical 
colloids. Experimentally we observe the micron sized colloids 
confined between glass walls by video microscopy, while 
further insight into the observed structures is provided by 
Monte Carlo simulations and by ground state energy 
minimization with genetic algorithms. The colloidal 

interactions are induced by 
external biaxial magnetic 
fields and can vary from 
purely repulsive to purely 
attractive. Additional control 
over the interaction profile is 
obtained by the geometrical 
confinement. A combination of 

quasi-2D confinement and static magnetic field induces core-
softened interactions and clustering without attraction is 
observed, with phases like expanded and close-packed 
hexagonal, square, chain- like, labyrinthine, and honeycomb.
In a precessing magnetic field with magic-angle geometry we 
observed self- assembly of bulk 3D colloids into one- particle-
thick, robust, and self-healing membranes. On a pair level the 



particles experience isotropic pair attraction similar to the van 
der Waals force between atoms, but many-body polarization 
interactions among them steer an ordered aggregation pathway 
consisting of growth of short chains, cross-linking and network 
formation, network coarsening, and consolidation of membrane 
patches. We theoretically explain membrane stability, their 
elastic and self-healing properties and the observed 
aggregation pathway. This generic scenario can be induced in 
any particles of large enough susceptibility.

Phys.Rev. Lett. 99 248301 (2007) 
Phys.Rev. Lett. 103 228301 (2009)



“Self-assembly of superparamagnetic colloids 
in strong magnetic fields"

Jordi Faraudo 
 

Institut de Ciencia de Materials de Barcelon a (ICMAB-CSIC) 
Campus de la UAB E-08193 Bellaterra (Spain) 

http://www.icmab.es/icmab/personnel/detail/593.html
 E-mail: jfaraudo@icmab.es

 Superparamagnetic colloids (colloids with strong magnetic 
response but no hysteresis and no remanence) have interesting 
applications in many fields. In the presence of strong magnetic 
fields, they may self-assembly in anisotropic, chain-like 
structures following the external field. According to the 
classical theory of ferrofluids, self-assembly should be 
observed at magnetic couplings of the order of 1 or larger, but 
this is not in agreement with our recent simulations and 
experiments. Recently, we have developed a simple 
thermodynamic self-assembly theory showing that the onset of 
self-assembly and the size of aggregates in the equilibrium 
state depend on a dimensionless parameter combining the 
volume fraction of colloids φ0 and the magnetic coupling 
parameter Γ, in agreement with results from langevin dynamics 
simulations. I'll also discuss the implications of the results in 
biotechnological applications of superparamagnetic colloids 
such as magnetophoretic separation or RMN imaging.



“Self Assembly of Cobalt nanoparticles on 
Graphite and Silicon 111"

Victor Puntes 
 

Institut Català de Nanotecnologia, Barcelona, Spain 
 E-mail: Victor.Puntes@uab.cat

Recently in our laboratory we have explored the possibilities to 
study the SA of NPs onto substrates other than the electron 
microscope ones were the SA processes of small NPs has been 
repeatedly observed. Also, we have studied SA of magnetic 
NPs at the weak dipolar interaction regime, in between the 2D 
monolayer and the single NP chains. These experiments help to 
understand how we can functionalize surfaces of technological 
interest. Thus, Superparamagnetic single crystal single domain 
Co nanoparticles of 6 nm in diameter evaporated onto Highly 
Pyrolytic Oriented Graphite spontaneously self assemble into 
super structures with an elongated shape. These structures have 
been studied by optical and scanning electron microscopies, 
atomic and magnetic force microscopy, electron dispersive x-
ray analysis and SQUID Magnetometry. We propose that the 
weak dipolar interactions between superparamagnetic dipoles 
of the cobalt nanoparticles are responsible for the formation of 
these stru ctures when the dipolar magnetic interactions are 
strong enough to influence the general process of self assembly 
dominated by van der Waals forces between neighboring 
nanoparticles and between nanoparticles and the substrate 
during evaporation of the solvent. Also We report on self-
assembly processes of cobalt nanoparticles onto silicon 



substrates by using drop casting and spin coating techniques. It 
has been found that self-assembled patterns markedly depend 
on the substrate temperature and the technique used. These 
changes in behaviour are explained in terms of evaporation 
time, thermal energy, and van der Waals interactions. We 
demonstrate here that under suitable conditions of temperature 
and colloid volume, monolayers of magnetic nanoparticles can 
be formed with long range ordering over several microns.



“Stabilization of polymeric particle dispersions 
by a graft copolymer surfactant "

Jordi Esquena1, Marc Obiols-Rabasa1, Manroshan Singh1, 
Conxita Solans1, Bart Levecke2, Karl Booten2, Tharwat F. 

Tadros3 
 

1 CSIC - Institut d’Investigacions Químiques i Ambientals de 
Barcelona (IIQAB), CIBER-BBN, Jordi Girona 18-26, 08034 

Barcelona, Spain 
2 Orafti, Bio Based Chemicals, Aandorenstraat 1, B-3300 Tienen, 

Belgium 
3 89 Nash Grove Lane, Wokingham, Berkshire, RG40 4HE, UK 

 E-mail: jordi.esquena@iqac.csic.es

The preparation of stable concentrated dispersions of latex 
particles is a very important subject due to technological 
interest in many applications. In this context, nonionic graft 
copolymer surfactants are commonly used because of their 
adsorption onto the particles forming strong steric barriers, 
highly insensitive to both temperature and electrolyte. We have 
studied a graft copolymer surfactant, consisting of an inulin 
(polyfructose) backbone on which several alkyl groups are 
randomly grafted [1]. The alkyl groups provide the anchor 
points for attachment at the solid/liquid interface, leaving the 
polyfructose loops in contact to the external aqueous solution. 
The first results showed that particles covered by this 
surfactant possess very good stability at high electrolyte 
concentration [2, 3]. More recently, the stabilization 
mechanism has been studied by means of rheology and Atomic 
Force Microscopy (AFM) [4,5]. A summary of this research 



work is presented.  A rheological behaviour study of latex 
particles sterically stabilized by the polyfructose-derivative 
surfactant has been carried out. The adsorbed layer thickness of 
the polymeric surfactant could be determined from the results 
of steady-state shear stress as a function of shear rate. 
Moreover, viscoelastic measurements showed a change from 
mainly viscous to predominantly elastic response at low 
effective volume fraction. It indicated a strong hydration of the 
polyfructose loops and tail, providing very strong steric 
repulsion, demonstrating that soft interactions are present 
between the particles containing adsorbed surfactant. The 
results of the layer thickness determination by rheology are 
consistent with those obtained by Dynamic Light Scattering 
(DLS) and Atomic Force Microscopy (AFM). Studies by DLS 
were carried out by post-adding the polymeric surfactant to a 
surfactant-free PS dispersion. AFM measurements were carried 
out by means of modified atomic force microscope apparatus.  
[1] Stevens, C.V., Meriggi, A., Peristeropoulou, M., Christov, P.P., 
Booten, K., Levecke, B., Vandamme, A., Pittevils, N., Tadros, Th.F., 
Biomacromolecules 2, 2001, 1256-1259 

[2] Esquena, J., Dominguez, F.J., Solans, C., Levecke, B., Booten, K., 
Tadros, Th.F., Langmuir 25, 2003, 10463 

[3] Nestor, J., Esquena, J., Solans, C., Levecke, B., Booten, K., 
Tadros, Th.F., Langmuir 21, 2005, 4837-4841 

[4] Nestor, J., Esquena, J., Solans, C., Luckham, P.F., Musoke, M., 
Levecke, B., Booten, K., Tadros, Th.F., J. Colloid Interface Sci. 311, 
2007, 430-437. 

[5] M. Obiols-Rabasa, J. Ramos, J. Forcada, J. Esquena, C. Solans, 
B. Levecke, K. Booten, Th. F. Tadros,  Langmuir 2010, 26(11), 
7717–7724. 



“Computer simulation of block copolymers 
nanostructures under external fields"

Andrei V. Zvelindovsky 
 

University of Central Lancashire, Preston,  United Kingdom 
 E-mail: avzvelindovsky@uclan.ac.uk

Block copolymers consist of two or more chemically dissimilar 
polymer chains; they are well-known to self-assemble into 
periodic nanostructures. External fields can be used to 
manipulate the self-assembly process. We investigate this 
phenomenon by means of coarse-grained computer 
simulations. The emphasis of this talk will be given on 
dynamics of systems subjected to external fields. Several 
examples will be discussed. We describe dynamic 
rearrangement of various structures (lamellar, hexagonally 
packed cylinders, spherical micelles, gyroid) under an applied 
electric field and shear flow. In the second part we illustrate 
kinetics of surface phase transitions in confined systems (thin 
films). 



“Self-Assembly at Nanogune"

Alexander Bittner  
 

CIC nanoGUNE Consolider
Tolosa Hiribidea, 76, E-20018 Donostia - San Sebastian 

 E-mail: a.bittner@nanogune.eu

After an introduction to CIC Nanogune, I will provide an 
overview of various activities of the Self-Assembly group. (1) 
Building nanoscale inorganic structures at self-assembling 
plant viruses In most cases, nanoscale tubes have either a 
defined shape and size, or a defined functionality, but rarely 
both together. Tobacco mosaic viruses (TMVs) indeed offer 
both: The virus is a tube of 300 nm length, with 4 nm inner and 
18 nm outer diameter, assembling from RNA and coat proteins. 
I will present examples for plant virus/nanomaterial hybrids, 
whose characterisation is based on combining a range of 
nanomethods, e.g. electron and scanning probe microscopy, 
with macromethods, e.g. magnetometry and Xray diffraction. 
My group works with various nanofabrication tools, e.g. 
focussed ion beam, electron beam lithography, electroless 
("chemical") deposition. (2) Nanofluidics with plant viruses 
The 4 nm TMV tube is accessible for fluids, as shown 
indirectly by staining and metal deposition from solutions. 
How do solutions move into and in such small channels? 
Recent activities focus on delivering various liquids to TMV. 
Methods range from nanolithography to droplet deposition 
from AFM cantilevers. (3) Peptide and protein fiber assembly 
by electrospinning While viruses self-assemble from proteins 



and nucleic acid naturally, assembly of biomolecules can also 
be induced by external forces. I will show how electrostatics 
and hydrodynamics force small peptides and even large 
proteins into long wires.



“Self-assembly of viral capsids"

David Reguera  
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain.

 E-mail: dreguera@ub.edu

Viruses are astounding biological organisms, constituted 
essentially by a protein shell named “capsid” that wraps up and 
protects the genetic material (DNA or RNA) inside. Despite 
this apparent simplicity, they have evolved to master the arts of 
replicating, self-assembling, encapsulating and delivering their 
genetic cargo with amazing, and sometimes frightening, 
efficiency.  Due to their lack of metabolism, they resort to 
general physical principles to perform their basic functions. 
For instance, viruses self-assemble spontaneously into well-
defined nanometer-sized structures that are known to tolerate 
wide ranges of pH and salt conditions and to withstand internal 
pressures as high as 100 atmospheres. These remarkable 
properties make them interesting not only for immunologic and 
biomedical purposes, but also to develop promising 
nanotechnological applications, as nanotemplates, nanoreactors 
or nanocontainers. 
In this talk, I will try to summarize some of our recent efforts 
to understand the basic physical principles behind the virus 
life-cycle. In particular, I will focus on  one of the fundamental 
stages in the replication of a virus, which is the self-assembly 
of its capsid from the proteins that constitute it.  A proper 



description of this process is essential to understand, interfere 
and control the structure and properties of these nanosized 
entities. Moreover,  this knowledge will facilitate the designing 
principles of viral nanocontainers as well as the control over 
encapsulation and release of its cargo, which is crucial to use 
them in biotechnological applications. 



“Emergent structures in bacterial suspensions 
under gravity"

Ricard Matas  
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain.

 E-mail: rmtn83@gmail.com

Bacterial colonies can grow in a wide range of patterns due to 
the collective behaviour induced by the different interactions 
between bacteria. In most of the previous studies the 
chemotactic interaction is assumed to be the main ingredient to 
understand the pattern formation. Recently, it has been shown 
that a model of reproducing bacteria with a diffusivity that 
depends on local population can form stable patterns without 
need of chemotaxis [1]. We will study how these patterns are 
modifiend under a constant drift between walls, showing the 
emergence of "rain" processes and progressively localized 
phases.

[1] Cates ME, Marenduzzo D, Pagonabarraga I, Tailleur J. PNAS 
107:11715–11720.



“Nonlinear electrophoresis for strong and weak 
ion diffusivity"

Giovanni Giupponi  
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain.

 E-mail: giupponi@ffn.ub.es

We study the electrophoretic flow of suspensions of charged 
colloids with a novel mesoscopic method that allows to model 
generic experimental conditions. We show that non-linear 
electrostatic coupling increases up to 50% the electrophoretic 
mobility of particles and that a mobility maxium on the 
colloidal charge develops for all salt concentrations. The 
electrophoretic mobility of highly charged colloids is also 
enhanced significantly when ion advection is dominant, 
leading to a strong heterogeneity in the local electrophoretic 
response especially at low salt concentration, when ion diffuse 
layers overlap.



“Transport and pattern formation in internally 
actively driven systems"

Ignacio Pagonabarraga  
 

Departament de Física Fonamental, Facultat de Física, Universitat de 
Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain.

 E-mail: ipagonabarraga@ub.edu

Active systems generate motion due to energy consumption, 
usually associated to their internal metabolism or to 
appropriate, localized, interfacial chemical reactivity. As a 
result, these systems are intrinsically out of equilibrium and 
their collective properties result as a balance between their 
direct interactions and the indirect coupling to the medium in 
which they displace. Therefore, a dynamical approach is 
required to analyze their evolution and quantify their 
selfassembly and ability to generate intermediate and large 
scale stable structures. I will discuss how physical mechanisms 
associated to the coupling of the active entities through the 
embedding medium can lead to cooperative motion and pattern 
formation even in the absence of additional, specific 
interactions between the particles. I will introduce effective, 
mesoscopic models which capture the dynamic coupling of the 
particles to their environment on the natural time and length 
scales in which they evolve, disregarding the details of the 
medium.



“Understanding surface-adsoption of proteins 
in Nanosafety and Nanomedicine"

Pol Vilaseca1, Kenneth A. Dawson2, Giancarlo Franzese  1   
 

1 Departament de Física Fonamental, Facultat de Física, Universitat 
de Barcelona, Av. Diagonal 647, 08028 Barcelona, Spain.

2 Center for BioNano Interactions (CBNI), University College of 
Dublin, Ireland

 E-mail: gfranzese@ub.edu

Nanoparticles in a biological media are remarkably strongly 
associated to a biomolecular layer, rich in proteins, drawn from 
their environment. This interaction leads to the formation of a 
dynamic protein corona that varies over the time due to 
continuous protein association and dissociation events, and 
eventually reaches equilibrium. Within the medical device 
community, it is now well accepted that ‘material surfaces’ are 
modified by the adsorption of biomolecules such as proteins in 
a biological environment, and there is some consensus that 
cellular responses to materials in a biological medium reflect 
greatly the adsorbed biomolecule layer, rather than the material 
itself. The evidence suggests that, in comparison to typical 
cell-membrane-biology event timescales (mostly much less 
than 30 minutes, many only several minutes) the particle 
corona is likely to be a defining property of the particle in its 
interactions with the cell surface.
Here, we report our findings about the process of competitive 
protein adsorption onto a surface, also known as the Vroman 



effect. The effect consists in a non-monotonic behavior of the 
amount of protein adsorbed on a surface in contact with plasma 
as a function of contact time and plasma concentration. For 
each protein it is observed a maximum adsorption at different 
time or concentration. The effect was observed initially for 
fibrinogen, but it is now evident that it is a common feature to 
many plasma proteins. We show how molecular dynamic 
simulations of a coarse-grained model are helpful to 
understand and control the effect, in the framework of our 
recent FP7 Collaborative Project ``Modelling the basis and 
kinetics of nanoparticle cellular interaction and transport'' 
(NanoTransKinetics)  of  the ``Modelling toxicity behavior of 
engineered nanoparticles'' call.
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