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We are an interdisciplinary team of chemists, physicists, biologists, and engineers, studying
self-assembly in (biological) soft matter. We strive to obtain fundamental insights and
translate these into rational design strategies for novel functional materials. Major
research lines are: polymer assembly, colloidal self-organization, and protein biophysics.
Recent topics are (bio)macromolecular antifreezes, single-chain particles, sequence-
controlled polymers, artificial enzymes, packaging of fragile biomolecules, protein liquids,
photo-responsive materials, coatings for photonics, and bio-inspired templating.

Here you can list what is the goal of the research for the student to achieve.

Ilja Voets, i.voets@tue.nl, CE 1.03, tel. 040-2475303
Thea Looijmans, t.looijmans@tue.nl, CE 1.30, tel. 040-2476157 

Welcome to SSM!                       

Polymers are ubiquitous building blocks for hierarchically structured materials. We use co-
assembly of supramolecular and ionic-neutral (co-)polymers as a tool to engineer complex
functional and responsive superstructures. We also investigate how supramolecular
polymers form; how they disintegrate; how we can tune their size, shape, flexibility,
abundance; and how we can control self-organization and folding of polymers into single
chain polymeric nanoparticles (SCPNs), bundles and (hydro)gels.

Polymer assembly

Many functional materials contain colloids. A key challenge in the field is to achieve control
over particle interactions, to modulate assembly pathways and precisely direct the
microstructure and properties of the final material. We develop new approaches to guide
colloidal assembly by external cues such as temperature and light.

Colloidal self-organization

Proteins are essential elements of all living matter. We study with e.g. scattering tools and
nanoscopy how their self-organization impacts their functional and mechanical properties.
Ice binding proteins (IBPs) and bio-inspired mimics thereof are our main focus. These block
ice growth enabling life at subzero temperatures, cryopreservation, and de-icing.

Biological soft matter

Contact information - visit www.tue.nl/ssm or www.voetslab.nl
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Ice-binding biopolymers:
Preventing ice recrystallization  
Mariam Hossainy

Chemical Engineering and Chemistry 

To cope with extremely cold environments, life has taken different routes of evolution to
‘’design’’ ice-binding proteins (IBPs). They exist in a variety of forms, but are all capable of
binding the surface of ice crystals. IBPs prevent either further growth of ice crystals or
enable a decrease of the freezing point of body fluids such as blood. These properties are
of utmost interest in different sectors such as food or biomedical research.

Although natural IBPs are routinely produced via genetic engineering in E.Coli, the
strategy of designing IBP-based polymers using recombinant technology and microbial
systems has not been yet explored. Producing protein polymers made of different
building blocks (proteins) would hypothetically add in potency and increase the proteins’
activity. We focus mainly on their ice recrystallization inhibition (IRI) activity, which is the
ability of IBPs to prevents further growth of existing ice crystals by the adsorption of IBPs
on ice crystal planes.
First you will design and produce such protein-based block copolymers in E.Coli. Second,
you will test the IRI activity of those protein-based polymers using polarized optical
microscope (POM).

The main goal of the project is to produce ice-binding protein polymers and compare 
their IRI activity to that of natural IBPs. 

Mariam Hossainy, m.hossainy@tue.nl , Ceres CE1.44
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Therefore, lipid bilayer supported on flat or spherical substrates are
frequently implemented as model systems of cell membranes as well
as in a wide range of biotechnological applications. Despite the
membrane being closely entrapped to a solid surface, it still retains its
lateral fluidity as well as its biological functionality.

Lipid coated particles as models 
for bacteria and mammalian cells
B. Gumí-Audenis, E. Giakoumatos and I. Voets

The structure and physicochemical properties of cell membranes play an important role
in several biological processes. Despite their importance, native cell membranes are
little studied experimentally as it is extremely challenging due to their complex
composition and the necessity of a fluid environment.

Therefore, lipid bilayers supported on flat or spherical
substrates are frequently implemented as model systems of
cell membranes as well as in a wide range of
biotechnological applications. Despite the entrapment of
the membrane to a solid surface, it still retains its lateral
fluidity as well as its biological functionality.

Preparation and characterization of lipid vesicles of different compositions using light
scattering and calorimetry techniques.
Morphological characterization of lipid bilayers supported on a planar substrate by
atomic force microscopy.
Preparation and characterization of lipid coated particles using fluorescence
microscopy (e.g. confocal or super resolution microscopy).

Berta Gumí- Audenis, b.gumi.audenis@tue.nl, CE 1.44
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Working with lipid bilayers allows for the control of
the composition of the membrane surrounding the
particle and consequently over the heterogeneity
over its morphology. In this project, we aim to
create a model of a bacteria and a mammalian cell,
by tuning the composition of the lipid bilayer used
to coat micrometer-size silica particles.
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Improving the freeze-thaw 
stability of colloidal dispersions
Christian Sproncken and Ilja Voets

The shelf-life of many waterborne dispersion products, such as paints, depends highly on
the dispersion stability. Freeze-thaw cycles cause formation and growth of ice crystals,
destabilizing the dispersion and leading to formation of aggregates. Current strategies to
improve freeze-thaw stability rely on colligative antifreeze agents such as glycol-based
compounds. However, regulations drive producers to lower the VOC content. Therefore, a
non-VOC compound, that is able to enhance freeze-thaw stability of particle dispersions is
required.

Poly(vinyl alcohol) (PVA) is not only the most potent synthetic ice
recrystallization inhibitor (IRI), it is also easy and inexpensive to
synthesize. PVA’s IRI activity has been studied elaborately in sucrose
solutions. Addition of the polymer highly reduces ice crystal growth at
very low concentrations (< 1 g/L), but its effect on particle dispersions
and more specifically, their freeze-thaw stability, is yet unknown. Your
aim is to study freezing processes and recrystallization in particle
dispersions by optical microscopy assays. Then, PVA grafted to or from
the particle surface to stabilize the dispersion sterically, as well as
inhibit recrystallization of ice. The effect on stability and shelf-life of
PVA brushes is characterized. To this end, you will formulate several
dispersions, perform IRI assays, freeze-thaw tests and other analyses
to characterize the stability of the particle dispersions with and
without PVA.

• Preparation of various particle dispersions
• Quantifying ice recrystallization in dispersions
• Probing colloidal stability upon freezing
• Studying influence of PVA brushes

Christian Sproncken, c.c.m.sproncken@tue.nl, CE 1.44, tel. 040-2475560
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t = 1h

Ice crystals grow in
sucrose solution at
constant T = -7 °C by
recrystallization over
the course of 1 hour.
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The structure and self-assembly of discrete biopolymers like proteins is governed by their
complex sequence and is of vital importance for their function. Man-made polymers with
the molecular precision of biopolymers open up opportunities to control the assembly by
tuning the comonomer sequence. By understanding how the morphology depends on the
sequence, we can improve assembly properties.

Synthesis of sequence-controlled polymers is challenging, but recently successful
attempts have been reported, mostly using single electron transfer-living radical
polymerization (SET-LRP). For example, Anastasaki and coworkers produced discrete
oligoacrylates with the desired monomer sequence.
In this project we focus on amphiphilic sequence-controlled oligoacrylates that are able
to form micelles in aqueous solution. You will perform polymerizations to obtain
oligoacrylates with different sequences. Next, you will study the assemblies using
scattering techniques and electron microscopy. You will link the self-assembly behavior to
differences in the monomer sequence.

The main goal is to pinpoint the effect of the monomer sequence on self-assembly
behavior. For this purpose you will learn: polymerization techniques and methods to
analyze polymeric products; micelle preparation methods; and scattering (and possibly
electron microscopy) analysis on the assemblies.

Lisa Timmers, e.m.timmers@tue.nl, Ceres CE1.44
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Colloidal self-assembly is a versatile bottom-up approach to fabricate a wide range of
functional materials. This diversity originates from the diverse shapes and bonding
interactions which can lead to various hierarchical structures. Using anisotropic particles
increases the amount of achievable colloidal architectures. Excellent control over colloidal
self-assembly can be realized if anisotropic particles are inhomogeneously functionalized
with responsive supramolecular moieties or polymers .1-3

In this project, patchy particles will be synthesized to realize complex colloidal
architectures upon supramolecular assembly of surface-bound molecules. You will develop
an effective strategy to synthesize and surface-functionalize such patchy colloids. First,
clusters of (polystyrene) particles have to be created and separated based on their
aggregation number. These clusters can than be encapsulated with 3-(trimethoxysilyl)-
propyl methacrylate (TPM). After the formation of these patches different methods can be
used to functionalize them. A schematic representation of these steps is shown in the
figure below.

The main goals of the project are getting a good control over the synthesis of patchy
particles and the selective functionalization of the patches. For this purpose you will learn
different polymerization techniques, particle functionalization methods and multiple
analysis techniques i.e. microscopy, NMR and RAMAN spectroscopy.

Patrick Hage, p.a.hage@tue.nl, Ceres 1,44

visit www.tue.nl/ssm or www.voetslab.nl
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