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Light-based 3D Printing of Soft Materials

3D printing, with its revolutionary additive manufacturing methods, has
brought tremendous impact on numerous fields including energy and
chemical engineering, soft robotics, and biomedicine. Among these
approaches, vat photopolymerization techniques—particularly
stereolithography (SLA), digital light processing (DLP), and volumetric
printing—have attracted significant attention due to their high resolution,
rapid fabrication, and versatility in material design. These advantages have
positioned light-based printing methods as powerful tools for advanced
applications such as personalized medical devices and tissue engineering.
This lecture will highlight recent advances in light-based 3D printing
technologies, discuss functional soft materials developed for these
platforms, and explore their emerging biomedical applications. 

Yinyin Bao
University of Helsinki



Light-fueled Supramolecular Pumps

Natural and artificial autonomous molecular machines operate by
constantly dissipating energy from an external source to maintain a non-
equilibrium state. The in-depth study of these dissipative states is highly
challenging as they exist only as long as energy is provided.  1

We reported on a series of (supra)molecular systems that use light to shift a
closed reaction network away from thermodynamic equilibrium thanks to a
ratchet mechanism transducing light energy into chemical energy.  On top
of that, these molecular ratchets can rectify the Brownian motion of the
components and store energy building up concentration gradients.

2

3

In this talk the structural evolution and the kinetics and energetic aspects of
this family of (supra)molecular motors will be discussed along with the
advancements of the analytical techniques required to reach an
unprecedented insight in the non-equilibrium behavior of (photo)chemical
reaction networks.

Stefano Corrà
University of Bologna



Light-fueled Supramolecular Pumps
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Modelling soft materials at solid-state: 
structure and dynamics 

In this lecture, I will present an overview of modeling the structure and
dynamics of soft materials in condensed phases. The fundamental principles
of molecular dynamics simulations will be introduced, with particular
emphasis on the accurate description of interatomic interactions and the
numerical integration of the equations of motion required to obtain reliable
results [1,2].
Both local and non-local descriptors (order parameters) will be discussed as
effective tools for characterizing short- and long-range structural order in
bulk molecular and polymeric systems. Finally, I will address dynamical
processes spanning multiple timescales - from fast (fs-ps) to slow (ns-ms)
regimes - highlighting their role in structural relaxation and transport
properties of soft materials [2,3].

Daniele Fazzi
University of Bologna
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Organic Chromophores in Action: 
From Luminescence to Photocatalysis

This seminar will explore how organic chromophores can be engineered to
harness and control excited states for optical and photocatalytic
applications. Starting from the fundamental principles related to singlet and
triplet excited states, the discussion will focus on strategies to manage their
interplay in order to capture, store and release the energy of the excited
states. Particular attention will be given to key mechanisms such as Room-
Temperature Phosphorescence (RTP), Thermally Activated Delayed
Fluorescence (TADF), triplet–triplet annihilation (TTA), and singlet fission,
highlighting their role as energy management tools and “reservoirs” that
extend excited-state lifetimes and accessibility. Through selected examples
of organic phosphors and functional chromophoric systems, the lecture will
illustrate how efficient access to triplet states enables both high-
performance luminescent materials and the activation of photoinduced
processes, including photocatalysis. 

Andrea Fermi
University of Bologna



A Beautiful Sound: Solving the Multivariable
Problem  of Sustainable Acoustic
Metamaterials

In the opening scene of the film ‘A Beautiful Mind’ by Ron Howard (2001), a
young John Nash is confronted with a classic environmental dilemma: a
classroom that is "extremely hot with the windows closed and extremely
noisy with them open." For decades, architectural acoustics has viewed this
as a binary trade-off. Standard building components typically follow the
"mass law," where sound insulation is strictly dependent on the density and
thickness of a material. To block the chaotic energy of urban traffic noise,
one must close the window, thereby sacrificing natural ventilation and
thermal comfort. As the film’s protagonist notes, "In multivariable calculus,
there is often a number of solutions for any given problem." This lecture
proposes that Acoustic Metamaterials (AMMs) represent the most
"beautiful" solution to this multivariable challenge.
Acoustic Metamaterials are engineered composites designed to achieve
physical properties that go beyond those found in nature. Unlike traditional
materials, their performance is dictated not by their chemical composition,
but by their precise internal geometry, shape, and arrangement. By
manipulating sound waves at a sub-wavelength scale, AMMs can induce
phenomena such as negative refraction and localized resonance, allowing for
the creation of "metawindows". These structures are designed to be air-
permeable—allowing for natural cooling and ventilation—while
simultaneously acting as a high-performance filter that reflects or absorbs
targeted frequencies of traffic noise.
 

Gioia Fusaro
University of Bologna



A Beautiful Sound: Solving the Multivariable
Problem of Sustainable Acoustic
Metamaterials

A critical variable in this multivariable equation is sustainability. As the
building industry shifts toward circular economy models, the
manufacturingof these complex geometries must be both precise and eco-
friendly. This research highlights the role of Industrial Extrusion and Additive
Manufacturing (3D printing) using sustainable materials like Steel (from
recycled sources) and Polylactic Acid (PLA). By using those manufacturing
systems for developing industrial-driven design, we can prototype and
produce intricate coiled-up resonators and labyrinthine structures that
provide maximum acoustic attenuation with minimum material waste.
However, moving from theoretical "beauty" to practical application requires
solving for interfering factors in the prototyping phase, such as internal wall
roughness, infill density, and printing speed, all of which can alter the
predicted acoustic response. By optimising these parameters, we can
transition from conventional windows that offer a "closed" silence to
metamaterial systems that provide a quieter indoor environment without
sacrificing the necessity of an open window.

Ultimately, through this lecture we are going to demonstrate that by
applying the principles of metamaterial physics to sustainable building
engineering, we can solve the historical conflict between acoustics and
ventilation. We prove that the "eager young minds of tomorrow" do not have
to choose between comfort and concentration; through sustainable AMMs,
we can finally engineer a world that is both open to the environment and
protected from its noise.”

Gioia Fusaro
University of Bologna



Erosion of Scientific Integrity Fueled by
Quantitative Evaluation Metrics

In the last few years, the scientific community has been increasingly
concerned by malpractice behavior, which does not fit the classic
description of 'scientific misconduct' (summarized as 'falsification,
fabrication, plagiarism' - FFP ). Nevertheless, these practice appear to be
not less threatening to the community as they come as a steady erosion,
now evolving into a landside. This concerns in particular 'CV polishing' by
'citation gaming' through excessive 'guest'- & 'hyper'-authorships and
'citation cartels',  not only threatening the 'scientific currency' of
reputation, but likewise assaulting the business model of data suppliers. In
fact, a total of staggering 35% of the researchers were (increasingly)
removed from 2021 to 2024 from Clarivate's 'highly cited researcher' (HCR)
list due to violation of scientific integrity.  The reason for this sharp
increase in malpractice can be directly related to metrics-based
quantitative evaluation,  concerning both institutions and individual
researchers. In fact, this follows perfectly - and frighteningly - Goodhart's
law, which, applied to the current context, may read as 'all metrics of
scientific evaluation are bound to be abused'.

[1]

[2]

[3]

[4]

[5]

The seminar puts 'citation gaming' into the limelight, showing that
malpractice behavior depends on whether the individual researcher stands
on the top or the bottom of the scientific food chain. 

Johannes Gierschner 
IMDEA Madrid



Erosion of Scientific Integrity Fueled by
Quantitative Evaluation Metrics

While researchers at the bottom are obliged to pimp up their CV by
becoming prey to paper mills and predatory journals & conferences (all at
public cost), as well as by excessive self-citation and creating national
('inclusive') 'citation cartels',  researchers at the top may follow more
sophisticated measures, blessed by the 'Matthew effect'.  This includes
'honorary' or 'guest' authorships,  elaborated international ('exclusive')
'citation cartels', and well paid lucrative ancillary revenues like 'gift
affiliations' in Saudi Arabia, editor positions in predatory journals or decoy
organizer & plenary speaker of predatory conferences.  Equally, for all
researchers, metrics-driven working & thinking fuels scientific hypes with
short-term impact and leads to a tsunami of often worthless 'salami papers'
of questionable content, which nobody is able to digest anymore. The
(mostly private) publishers play a disturbing role in this game, fueling hypes
and occasionally tolerating citation cartels, all to inflate the (short term)
'impact' of their journals; equally they encourage hyper-proliferation ‒ at
increasingly low standards, solely to satisfy shareholders' interests to
maximize their already exorbitant profit margins,  all on public costs.

[2]

[6]

[2]

[7]

We advocate for an end of scientific hyper-proliferation by returning to
'quality over quantity' in evaluation and publishing, based on the principles
of modesty, integrity & autonomy, and to regain control on the definition of
quality and impact, and the modus operandi of scientific communication.
Only in doing so, science is able to retrieve its incorruptible voice in times of
grand challenges ahead.

Johannes Gierschner
IMDEA Madrid



Erosion of Scientific Integrity Fueled by
Quantitative Evaluation Metrics
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Functional and Smart Polymers

Functional polymers are materials specifically designed to provide targeted
properties beyond their structural role. In this lecture, the concept of
functional polymers will be introduced, highlighting how chemical structure
and molecular design enable advanced performance. Selected examples will
be discussed, such as high-temperature resistant polymers, self-healing
materials capable of restoring their integrity after damage, and electrically
conductive polymers for sensing and electronic applications.
Stimuli-responsive (smart) polymers represent a further level of
functionality, as they are able to alter their chemical and/or physical
properties—such as color, shape, swelling ability, physical state, and elastic
modulus—upon exposure to external stimuli (e.g., temperature, electric or
magnetic fields, pH, light). Phase transitions, changes in supramolecular
organization, conformational rearrangements, and variations in molecular
architecture are among the mechanisms underlying this behavior. In this
talk, various examples of stimuli-responsive polymers developed by the
Polymer Science and Biomaterials Group of the Chemistry Department
“Giacomo Ciamician” will be presented. Particular attention will be devoted
to shape memory polymers for thermal, photo-, and electrical actuation
based on semicrystalline polymer networks and liquid-crystalline
elastomers. In addition, mechanochromic polymers for stress and strain
detection will be discussed, with a focus on spiropyran-based systems and
dye-doped materials.

Chiara Gualandi
University of Bologna



From Photonic Crystal to Acoustic and
Mechanical Metamaterials

The advancement in electromagnetic metamaterials, which commenced
three decades ago, experienced a rapid transformation into acoustic and
elastic systems in the forms of phononic crystals and acoustic and
mechanical metamaterials. Since its early discovery, numerous wave
phenomena alongside the possible engineering applications have been
highlighted. The existing and emerging fields of metamaterials are far more
extensive, ranging from optics to acoustic, and all the way to the mechanical
systems. Numerous fantastic dynamic properties in optics and
acoustic/elastic systems have been reported to date, which cannot be
found in naturally occurring materials. In this lecture we will discuss the
historical context, current progresses and possible future outcomes of
metamaterials. The fascinating phenomena observed in photonic crystals
and electromagnetic metamaterials will be explained and linked to acoustic
and elastic counterparts. The idea of perfect lens that is governed by
negative permittivity and negative permeability via left-handed materials
with negative refractive index properties and the transformation optics for
invisibility cloaks and optical rainbow effect alongside the hyperbolic
metamaterials will be discussed. Furthermore, the associated
transformation into acoustic and elastic focusing effects via graded index
metamaterials, acoustic/elastic invisibility cloaks, transformational
acoustics, and seismology and metawedges resembling optical rainbow
effects and the likes will be explained.

Muhammad Gulzari
University College Dublin



Drug Nanoformulation  Understanding drug
loading on a molecular level

Polymeric micelles have been around for quite a while for
solubilization/formulation/delivery of poorly soluble active pharmaceutical
ingredients (API). However, scanning the literature space, it is apparent that
the amount of API that can be stably dispersed is often rather limited,
typically below 20 wt.% and below 10 g/L. But is this physico-chemical
limitation relevant for their application? Arguments have been put forward
for and against benefit of high-drug loading.[1,2]    
This open question notwithstanding, it is an interesting and important
question as to how highly drug loaded micelles can be realized. There are
only very few micellar systems, for which drug loading significantly higher
than 30 wt.% have been reported. We have previously reported on a polymer
platform based on so-called poly(2-oxazoline)s and poly(2-oxazine)s which is
allows to formulate unusually large amounts of the extremely water
insoluble paclitaxel [3-5] and many other APIs and API combinations [6-8]
with up to 50 wt.% incorporated in the polymer micelles. In some cases,
higher drug loading was found to be beneficial for therapeutic efficacy [5].
We have identified pronounced effects of small structural variations in the
polymers on the formulation capacity for a variety of different drugs [9-12].
In addition, we have found that the hydrophilic shell of the polymer micelles
is strongly involved in the drug interactions [13-15], which, depending on the
polymer structure, can severely compromise drug loading, stability and
dissolution rates [14]. 

Robert Luxenhofer
University of Helsinki



Drug Nanoformulation Understanding drug
loading on a molecular level

Using large scale all-atom simulation, we have recently investigated
molecular interactions between drug molecules, polymers and water in
these drug loaded micelles at different drug loadings. The results suggest
that difference in the number and life-time of hydrogen bonds between all
the different components correlate will with the observed maximum drug
loading, and therefore might explain the observed, highly unusually high
drug loading.[16] Current studies are testing this hypothesis further and
hopefully lead to a much improved molecular understanding of drug loaded
polymer micelles. 
 

Robert Luxenhofer
University of Helsinki



Drug Nanoformulation  Understanding drug
loading on a molecular level
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Guided Motion and Transport in  
Magnetic Colloids 

Guided motion of magnetic colloids has emerged as a versatile strategy for
controlling transport and collective behavior at microscopic scales, where
viscous forces dominate over inertia and dynamics occur in the low Reynolds
number regime. In these conditions, propulsion and directed transport
require the breaking of spatial or temporal symmetries, often achieved
through externally applied magnetic fields, structured energy landscapes, or
non-equilibrium driving protocols. Magnetic colloidal systems provide
model platforms to investigate how dipolar interactions, hydrodynamics,
confinement, and external actuation combine to produce controlled motion,
self-assembly, and transport.
Attention has been devoted to ratchet-like mechanisms, where time-
dependent magnetic potentials or asymmetric energy landscapes induce
directed motion despite the absence of a net average force. These systems
mimic the operation principles of Brownian motors and molecular transport
processes, enabling the conversion of stochastic fluctuations and periodic
forcing into net particle displacement. Experimental and theoretical studies
have demonstrated optimized transport efficiencies, collective
synchronization phenomena, and tunable particle currents in weakly
coupled ratchet systems, revealing rich non-equilibrium dynamics governed
by thermal fluctuations and interparticle interactions.

Fernando Martínez-Pedrero
Universidad Complutense de Madrid 



Guided Motion and Transport in 
Magnetic Colloids 

Recent advances further extend these concepts toward dynamically
reconfigurable magnetic assemblies, including self-organized colloidal
tracks, rotating clusters, and field-responsive filaments operating at fluid
interfaces and under confinement. Such systems not only provide
fundamental insight into active and actuated soft matter, but also offer
promising routes toward programmable microtransport, targeted cargo
delivery, microrobotics, and adaptive materials controlled through external
magnetic fields.

Fernando Martínez-Pedrero
Universidad Complutense de Madrid 



Quantum chemical modelling of polymeric
reactions

In the first part of the lecture different approaches are presented, how to
construct feasible models of polymers to be described with quantum
chemical methods. Both for polymeric reactions and for interactions of
polymers with other molecules the change in electronic structure is
essential. This can be only described properly with so-called ab-initio
methods which solve the electronic Schrödinger equation for the many-
particle system. Within the second part different approximations for solving
the many-electron problem will be presented. Two examples for the whole
procedure will be presented, first the modelling of a polymer for PFAS
detection [1] and second the degradation pathways of a fluorinated
polyester [2] to show the power and the limitations of quantum chemical
approaches. 

Beate Paulus
Freie Universität Berlin
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When Matter Moves by Itself: From Self-
Propelled Units to Biological Materials

What do birds, robots, cells, and humans have in common? They can all move
by themselves by converting energy from a specific source, such as food,
fuel, or a battery, into motion. These are all examples of what physicists call
active matter: systems made of self-propelled units that consume energy to
move and interact. In this lecture, I will introduce the main concepts of
active matter through intuitiveexamples, highlighting key features such as
collective motion, self-organization, and emergent behavior. I will then
discuss how these active “building blocks” can be used to construct more
complex structures, such as active membranes, and how these models can
help us understand biological materials, including tissues made of cells.

Emanuel Teixeira
Leiden University



Mechanical features and collective
behaviour in soft and active matter 

Active matter systems are composed of out-of-equilibrium units that
consume energy to display motion. A characteristic feature of active matter
is collective motion leading to non-equilibrium phase transitions or large
scale directed motion [1]. One of the simplest yet insightful model used to
unravel the features of Active Matter is the so-called Active Brownian
Particles (ABPs) model. A paradigmatic phenomenon observed in
suspensions of repulsive ABPs is the emergence of Motility Induced Phase
Separation (MIPS) [2, 3] whose interfacial and rheological properties are
nowadays still a subject of interest [4]. The mechanical properties of a
system are strongly affected by its structural factors. We have recently
unravelled the rheological features of MIPS [5], besides characterizing MIPS
interfacial properties in a purely active [6] and in an active/passive mixture
[7]. On the other side, dealing with a more complex active material, we have
studied the rheology of a bacterial biofilm. Bacterial biofilms are synergistic
colonies growing on surfaces, capable of providing bacteria protection
against external threats. Biofilms can be considered as viscoelastic media
consisting of micron-sized bacteria cross linked to a self-produced network
of extracellular polymeric substances embedded in water. By means of
experiments [8, 9] and a coarse-grained model[10, 11], we have
demonstrated that bacteria self adapt to hydrodynamic stress, thus
affecting both the mesoscale structure of the matrix and its viscoelastic
mechanical properties. 

Chantal Valeriani
Universidad Complutense de Madrid



Mechanical features and collective
behaviour in soft and active matter 
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Rationally engineering dynamic biomaterials
across length scales

The rational design of biomaterials that mimic the complexity of living
tissues demands tools that span from molecular interactions to
macroscopic function. This seminar presents work at this intersection,
organised around three connected themes.
The first part surveys the landscape of stimuli-responsive materials, with a
focus on small molecules and proteins that respond to pH, mechanical, and
chemical cues, among others. Drawing on examples from the broader field,
we will discuss how responsiveness can be encoded at the molecular level
and how this translates into tuneable bulk behaviour — with particular
attention to biomass-derived hydrogels as sustainable and tuneable
alternatives to conventional animal-derived matrices.
The second part addresses a central challenge in materials design: how do
we define the right design parameters? Here, biophysical methods play a key
role. We will examine multi-length scale analytical frameworks — spanning
from molecular-level interactions to mesoscale network architecture and
macroscopic mechanical properties — that allow us to extract quantitative
design criteria from both synthetic and natural matrix systems. This
comparative approach reveals how differences between biomass-derived
and animal-derived materials arise at each scale, and how those differences
can be exploited or compensated for in design.
The third part brings these threads together in the context of regenerative
medicine. We will discuss current challenges in in vitro models and tissue
regeneration in terms of scaffold constraints and examine how dynamic cell
culture matrices can be engineered to present time-varying biochemical and
mechanical signals to cells.
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Rationally engineering dynamic biomaterials
across length scales

 We will discuss how the design principles established in parts one and two
inform this development. We will consider what these materials reveal about
how cells sense and respond to their environment, and their potential as
platforms for tissue engineering and cell therapy applications.
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Multi-scale applications of phononic crystals
and locally resonant metamaterials in civil
engineering

Recent advances in material science have led to the development of a new
class of engineered materials known as metamaterials. These materials have
introduced new paradigms for vibration mitigation in civil engineering by
enabling direct control of wave propagation. Unlike conventional strategies,
which rely on strengthening or isolating structures, metamaterials exploit
periodic architectures to generate frequency bandgaps, redirect wave
paths, and dissipate energy. As a result, mechanical waves can be filtered,
attenuated, or guided across a wide range of scales, from structural
components to geotechnical systems. Within civil infrastructure, two main
classes of metamaterial concepts can be distinguished: (i) phononic crystals
and (ii) locally resonant systems. Phononic crystals rely on Bragg scattering,
which arises when the wavelength of the incident wave is comparable to the
characteristic size of the periodic structure. This mechanism typically
requires relatively large scale configurations, such as periodic arrays of piles
or boreholes, and is therefore well suited for applications such as seismic
shielding at the site scale. In contrast, locally resonant metamaterials
employ subwavelength resonators that interact with the propagating wave
through internal resonance. This enables significant attenuation at selected
frequencies much lower than those dictated by structural periodicity,
allowing more compact solutions. Examples include metasurfaces
composed of surface-mounted resonators, embedded oscillators in the soil,
and metafoundations designed to attenuate low-frequency ground
vibrations. Beyond geotechnical applications, metamaterial concepts can
also be implemented directly at the structural level.  
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Multi-scale applications of phononic crystals
and locally resonant metamaterials in civil
engineering

Periodic or resonant elements can be integrated into beams and columns to
suppress vibrations induced by moving loads, impacts, or ambient
excitations. Similarly, metamaterial-inspired structural components can
enhance damping and wave filtering without a significant increase in mass.
At the material scale, emerging concepts such as meta-concrete replace
conventional aggregates with engineered inclusions, introducing tailored
dynamic properties into standard construction materials. At the foundation
level, metamaterial-based systems can simultaneously provide load-bearing
capacity and vibration isolation, extending traditional base isolation
concepts toward integrated, multi-functional designs. These approaches
open the possibility of embedding vibration mitigation capabilities directly
into load-bearing elements, rather than relying solely on external devices or
barriers. Despite promising numerical and experimental results, several
challenges remain for large scale implementation. These include
construction constraints for periodic systems, the complexity of soil-
structure interaction, and the limited tunability of most passive designs
once installed. Nevertheless, ongoing developments in additive
manufacturing, topology optimization, and hybrid material systems indicate
that metamaterials have strong potential to contribute to the design of
resilient and adaptive civil infrastructure.
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