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Calendar

September 30, 2014, 10.30 hr
Heineken Award Lecture  
by prof. C.M. Dobson
Location: Blauwe Zaal 

September 30, 2014, 14.00 hr
Scientific lecture  
by prof. C.M. Dobson
Location: Ceres 

October 9 & 10, 2014
NextGenChem@NL 2014
Location: Ceres

October 16, 2014, 17.00 hr
Nobel Prize meeting
Location: Zwarte Doos 

October 24, 2014, 15.00 hr
ICMS Discussion meeting  
with Andreas Walther
Location: Ceres

November 4, 2014, 09.00 hr
Workshop Advanced  
Fluorescence Techniques  
Location: Ceres 

November 7, 2014
Eindhoven Multiscale Institute 
Symposium 
Location: Ceres 

November 17 & 18, 2014
CHAINS 2014
Location: Koningshof Veldhoven

January 22 & 23, 2015
ICMS Outreach Symposium
Location: Zwarte Doos 

The complete calendar can be found on our website.

Dear reader,

Every scientist dreams of pushing the frontiers of science and solving some 
of the most intriguing societal challenges at the same time. However, we 
are neither Pasteur nor do we live in his time. Despite this, Universities have 
always played an essential role to make important steps for society's bright 
future. 

Whereas in the past, most of the groundbreaking steps were made by 
individuals, the complexity of today’s challenges requires joined and 
multidisciplinary research programs. We are pleased that the TU/e hosts 
research groups in both basic sciences and the applied sciences creating 
engineering solutions for industry. Within ICMS, we try to bring these two 
together. This makes it an ideal place for performing use-inspired fundamental 
research to bridge the gap between disciplines. 

We like to challenge our members and those attracted to today’s challenges 
to see how they can contribute, and we welcome all suggestions in this area. 
It is our full belief that, by collaborating between disciplines, the outcome 
will be more than the sum of the parts. Even when the outcome is different 
than hoped for, it brings a lot of fun. This magazine will give you a glimpse 
of the many examples of use-inspired research within our Institute. As they 
will shape the future and will provide tomorrow’s answers, we also introduce 
some of our young members to you. 

We hope you enjoy reading,

Sagitta Peters 	 Bert Meijer
Managing director	 Scientific director	

INTRODUCTION
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Four PhD students,  
four molecular quests

INTERVIEW

On its mission to master the complexity of supramolecular assembly,  

ICMS brings together mathematicians, physicists, biologists, chemists and 

engineers to build up knowledge and boost scientific progress. Simultaneously, 

the institute accommodates the education and development of young talent. 

ICMS Highlights spoke to four of its PhD students. Read the excerpt from an 

interesting conversation with our next gen molecular system engineers below.

/ Cyril Vrusch         / Daan van der Zwaag         / Giuseppe Melpignano         / Lenny Meijer



What is going on in your research today?
Cyril: “When I rounded off my Bachelor, I didn’t think 
that I had enough theoretical background. I decided 
to do a Master's, and during my internship at DSM,  
I did a lot of research on the forces of polymers.  
The behaviour, the different time scales, translating 
findings into computer simulation, it immediately 
fascinated me. Diving deeper in polymer networks 
here at the ICMS came as a logical next step.”
Lenny: “It's very challenging work. I think that goes 
for all of us: we are the first researchers on our 
specific topics. So it requires perseverance. Next 
to my research, I am also bridging between the 
modellers and the lab workers. There can be quite  
a gap between the two approaches.”

Daan: “As you can see in all of our work, computer 
simulation is a valuable way to get a lot of 
information. Simulations help to understand your 
system, because a model will only work if you’ve 
correctly analysed the molecular behaviour. For an 
accurate model, the key is to combine simulations 
and experiments in an appropriate way. That’s 
what I find hardest in this work: getting to the right 
question.” 
Giuseppe: “To a mechanical engineer like me, the 
world of microsystems is relatively new. Somehow, 
everything I learned comes together here and yet, 
due to the smaller length scale, everything changes.  
I am challenged to change my thinking.”

To what extent does an affiliation with  
the ICMS help? 
Giuseppe: “The main reason why the ICMS works 
so well is the short communication lines. As 
mechanical engineers, we are used to approaching 
things from a broader perspective by applying 
multiple disciplines. Since I am working on dynamic 
surfaces, which change their surface chemistry, I 
also have to think in specialized chemical processes 
like chemical surface modifications. At ICMS,   

That’s what I find 
hardest in this work: 
getting to the right 
question

Project:
So far, molecular system assembly has been 
counting heavily on the self-organization effects 
of the molecules. However, coincidence plays an 
important part in getting the results you desire, 
and that is precisely what we want to counter. I 
am studying the mechanisms by which we can 
consciously give direction to the construction of 
supramolecular systems. I use a combination of 
computer simulation and microscopy to watch and 
clarify the behaviour of the molecules.

Project:
I study the behaviour of polymer networks 
on curved surfaces and cylindrical shapes, that 
resemble the shapes of biomedical fibers, such 
as intervertebral discs and walls of blood vessels. 
The behaviour of the polymers can be mechanically 
described and translated into computer simulations. 
With these models and simulations, I am building 
up knowledge on the behaviour and the creation of 
order in polymer networks and fibers. 

/ Daan van der Zwaag

Department:	 Department of  
	 Chemical Engineering  
	 and Chemistry
Section:	 Macromolecular  
	 and Organic  
	 Chemistry
ICMS promotor:	 Bert Meijer
PhD Status:	 2 years

/ Cyril Vrusch         / Daan van der Zwaag         / Giuseppe Melpignano         / Lenny Meijer
/ Cyril Vrusch

Department:	 Department of  
	 Applied Physics
Section:	 Theory of Polymers  
	 and Soft matter
ICMS promotor:	 Kees Storm
PhD status:	 4 months
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Project:
I study DNA networks and focus on DNA parts that 
can perform specific biomedical functions. We have 
found, for instance, that small pieces of DNA can 
work like a tiny biotechnical computer; you can give 
them input, and after a processing step, they give a 
certain output. It is like Lego, but with biomaterial.  
I use modelling to find the desired design 
(protocols) and predictability. 

Project:
My project is called “DynaClean: Dynamic self-
cleaning surfaces”. Using an intelligent material 
that responds to both water and light, a hydrogel, 
the surface chemistry and structure change upon 
application of both. Water causes autonomous 
swelling of the surface, whilst the application of 
light causes the switching between aforementioned 
effects. The surface autonomously enables self-
cleaning effects when in contact with water and 
exposure to light. Ultimately, DynaClean will find 
application in solar panels and windows.

/ Lenny Meijer

Department:	 Department  
	 of Biomedical  
	 Engineering
Section:	 Computational 
	 Biology
ICMS Promotor:	 Peter Hilbers,  
	 Luc Brunsveld
PhD Status:	 3 months

I can connect to chemists easily. What is a simple 
question for them is a very long search for me. 
That's efficiency!”
Lenny: “It gets you outside your box as well. 
There are a lot of meetings and Friday afternoon 
discussions in which you meet new people and new 
ideas. Looking outside your field can really help.” 

Daan: “It actually works better than I imagined. 
Today, almost all projects are multidisciplinary. You 
cannot solve the current complex challenges from 
one perspective, or even from one department. 
Furthermore, there is increasing attention to 
application. If you want to run things in practice, 
you need all sorts of different disciplines. That’s 
what ICMS has to offer: direct connection to a wide 
variety of scientists.”

What will your future look like?
Lenny: “I do not have a very clear idea yet.  
There’s one thing I found out: I do not like routine. 
Here, every day is different, and I really like the 
atmosphere at the University. However, I haven’t 
explored the business side yet. Working at a smaller 
R&D company might be nice. My main motive is to 
develop myself.”
Giuseppe: “With an application-oriented PhD, 
working in industry is a logical next step. Getting to 
know another way of thinking will be great. However, 
the career path of my supervisors Jaap den Toonder 
and Dick Broer (returning to the university after 
years at Philips) seems an attractive route for me  
as well.” 
Cyril: “I stepped into this PhD because the subject 
really fascinates me. I am just curious to explore it 
further, and I'd like to conduct research. I’ve been 
working on this PhD for four months now, and I think 
there will be opportunities enough after this.” 
Daan: “I would also like to experience the industry. 
Working at a large chemical company seems very 
interesting to me. I think large companies can create 
opportunities because of their excellent facilities 
and large(r) budgets. It is also a chance to really 
contribute to society with the realisation of products 
that people need everyday.”

Here, every day  
is different

/ Giuseppe Melpignano

Department:	 Department of  
	 Mechanical  
	 Engineering
Section:	 Microsystems
ICMS Promotor:	 Jaap den Toonder,  
	 Dick Broer
PhD Status:	 12 months
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NEWS, AWARDS  
& GRANTS

NWO Chemical Sciences has awarded the ICMS team of Bert Meijer, Dick Broer and Anja Palmans a TOP-PUNT grant.  
The researchers will receive 2 million euros funding for their research proposal ‘Polymers in Motion’. 
The amplification of collective molecular motions from the nanoscopic to the macroscopic scale is probably one of the most 
intriguing challenges in materials science and remains to be fully discovered in the decades to come. Two approaches can be 
distinguished: artificial molecular machines and stimuli-responsive materials. In their ‘Polymers in Motion’ research project, 
the team is aiming at closing the gap between both approaches by making use of their knowledge in liquid-crystalline polymer 
networks, the hierarchical self-assembly of supramolecular polymers and adaptive materials.

TOP-PUNT grant for

Dick Broer, Bert Meijer  
and Anja Palmans

NEWS, AWARDS & GRANTS

Because of his excellent scientific 
track record, dr. Louis Pitet 
has been awarded an ICMS 
Fellowship. The ICMS Fellowship 
will support him during his final 
year in Eindhoven as a set up to 
an independent academic career. 
Louis Pitet works in the field of 
advanced polymer materials, in 
general, and for nanolithography, 
in particular. ICMS aims at the start 
of another three ICMS Fellows in 
the next two years. Dr. Lorenzo 
Albertazzi was awarded the first 
ICMS Fellowship.

Second  
ICMS Fellow

Louis  
Pitet

NSF CAREER  
Awardee @ ICMS

Yao Lin

Dr. Yao Lin has received an 
NSF CAREER grant 'Research 
Opportunities in Europe' for  
visiting the group of Bert 
Meijer. Yao Lin is an assistant  
professor of the Polymer  
Program in the Institute  
of Materials Science,  
Department of Chemistry  
University of Connecticut  
(USA). He will visit  
ICMS during the period  
February-July 2015.

Christian Ottmann received an  
ECHO-STIP grant of 260.000 euros.  
This grant is awarded by NWO 
Chemical Sciences and is meant for 
excellent researchers in chemistry. 
The ECHO-STIP program stimulates 
newly appointed researchers. 
Christian Ottmann aims at developing 
new drugs to treat diseases like 
diabetes and obesity. 

ECHO-STIP  
funding for 

Christian 
Ottmann
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 	 Highly 
	 Cited  
Researchers 
in ICMS

René Janssen, Martijn Wienk and 
Bert Meijer have been identified 
as 2014 Thomson Reuters Highly 
Cited Researchers. 

The Highly Cited Researcher 
process identifies influential 
researchers as those who have 
contributed to a significant 
number of the most highly cited 
publications in a field. Only few 
institutes have multiple Highly 
Cited Researchers among their 
members.

Dr. Jet Bussemaker, Minister of 
Education, Culture and Science of 
the Netherlands, has visited ICMS 
on June 16, 2014. Her visit aimed 
at getting to know better the four 
running Gravitation programs in 
which the Eindhoven University 
of Technology is involved. The 
first program of these four that 
received a Gravitation grant is 
the Research Center Functional 
Molecular Systems in which ICMS 
is one of the partners. 

Jan Rajchman prize for  

Dick Broer

Minister 
Bussemaker 
visited ICMS

The Society for Information Display (SID) is comprised of the top scientists, engineers, 
corporate researchers and business people of the display industry. SID awards the 
Jan Rajchman Prize annually since 1993 to scientists which have an outstanding 
scientific or technical achievement in, or contribution to, research on flat panel 
displays.

This year, the Jan Rajchman prize has been awarded to Dick Broer.  
He received this recognition for his pioneering discovery and development of 
UV-polymerizable liquid-crystalline polymers and his outstanding contributions  
to their applications in flat panel displays. The award has been presented in  
a ceremony on June 2, 2014 in San Diego, CA.

Dr. Peter Zijlstra of the group Molecular Biosensors for Medical Diagnostics 
has received a Vidi grant of NWO worth 800.000 euros to start his own 
research line. Peter is going to use gold nanoparticles to study single 
enzymes in a living cell.

Ellen Schmitz has received the 
second prize in the KNCV Golden 
Master Award competition for her 
master thesis. Her master thesis 
work was largely performed in the 
clinical lab of the Catharina Hospital 
Eindhoven. Ellen Schmitz is now  
a PhD student in the group of  
Luc Brunsveld.

Vidi grant for 

Peter Zijlstra

Ellen  
Schmitz
second prize in KNCV Golden  
Master Award

NEWS, AWARDS & GRANTS
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Jumpstart
the regeneration 
of body parts

/ Samuel I. Stupp

Stupp in a YouTube interview: 
“I dream of a time where 
supramolecular nanotechnology 
will have a key impact in the 
field of regenerative medicine. 
Using bioinspired supramolecular 
materials one can jumpstart - in 
the adult body - the regeneration 
of a tissue that is missing or an 
organ not functioning properly 
anymore.” In one example by 
designing self-assembling 
nanofibers (containing portions 
of natural proteins), Stupp and his 
team are able to create a so-called 
‘noodle gel’ that has regeneration 
abilities after spinal cord injury 

by guiding the growth of axons in 
the proper direction. While on a 
brief visit to ICMS in July, Stupp 
gave two inspiring lectures on his 
work. In addition to biomaterials, 
the highly interdisciplinary Stupp 
group (integrating chemistry, 
materials science, and medicine) 
is utilizing self-assembly to create 
nanostructures and materials for 
solar photovoltaics, solar fuels 
and ferroelectrics for memories. 
Stupp at ICMS: “The common 
denominator of our diverse 
research portfolio is the exciting 
field of supramolecular chemistry 
in which discoveries are currently 

leading to many new ideas. On the 
bio-side our work on regenerative 
medicine is very promising and 
we are making progress toward 
the goal of testing our materials in 
clinical trials. As always, we are in 
need of capital, both human and 
financial. Recently, we received 
a generous endowment from the 
Querrey Simpson Foundation that 
will help enormously to take our 
research to the next level. I am 
very thankful for that and look 
forward to our future research.”

INTERVIEW

Professor Samuel I. Stupp is a pioneer in supramolecular self-assembly. Stupp, 

Director of the Simpson Querrey Institute for BioNanotechnology in Medicine at 

Northwestern University (Chicago) and international chair of ICMS, is recognized 

worldwide for his stunning work on bioactive materials that could revolutionize 

therapies in regenerative medicine. Among other achievements, he and his team 

created an extensive platform of self-assembling molecules that are able to 

promote regeneration of the spinal cord in paralyzed mice and of other tissues 

such as cartilage and bone.

Interested in Stupp’s work?  
See: stupp.northwestern.edu
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The STATIC SURFACE is history; 

welcome to Dynamic Surface 
Topographies

The study by Broer and Liu finds 
its roots in something Broer 
discovered in the eighties. 
Chemically modifying liquid 
crystals makes it possible to 
change the way the molecules 
organize and let through light, 
broadening the view angle. 
This technology is now used in 
every LCD screen. Broer and Liu 
are taking the manipulation of 
molecules a step further. Broer: 
“We have built a demonstrator 
with a surface that we can switch 
from flat into static position to a 
predefined corrugated state when 
triggered by light.” Broer and Liu 
thereby created a dynamic surface 
with all kinds of possibilities. Liu 
adds: “We can design different 
structures. We started off with a 
regular structure, but now we are 
also exploring the possibilities of 

an irregular or random structure 
like a fingerprint, every single one 
unique. This last one is a lot easier 
to make - using the molecules’ 
self-organization abilities - and 
offers advantages for mass 
production.”

Triggers
Broer: “The nice thing about 
liquid crystal is that you can 
use several triggers for actuation; 
in addition to light, it can work 
with water (vapour), gasses, pH, 
temperature and electrical current. 
With that in mind, you can imagine 
surfaces that can change their 
characteristics autonomously. 
We are looking into this interesting 
field from both a scientific and 
application perspective. One 
application we think of is self-
cleaning surfaces.” This kind of 

Intelligent surfaces, adding value by performing 

functions, that is in brief what prof.dr. Dick Broer 

and dr. Danqing Liu are working on at ICMS. With 

their research on the behaviour, organization and 

manipulation of polymerized liquid crystal networks, 

they are opening a new field in the area of functional 

organic materials: dynamic surface topography. This 

can lead to interesting applications, such as self-

cleaning surfaces, sensitive robotic hands and more. 

RESEARCH
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network itself. This is where the 
connection with ICMS started. 
Together with prof.dr. Bert Meijer, 
the group received an NWO-
grant for further research. Broer 
and Liu take the opportunity to 
look deeper into the basis of 
oscillating. Broer: “We want to 
use the molecular dynamics to get 
the surface oscillating.” The most 
veritable approach to the solution 
seems to be to make use of a 
supramolecular system in a non-
equilibrium state. As in the human 
body, the constant interplay of 
molecules causing macroscopic 
events is what drives actuation 
and motion. 

Robots with fingerprints
While examining and 
experimenting with different kinds 
of dynamic surfaces, the range of 
possible applications expands. 
Based on the same principles, 
it must be possible to make 
applications such as a pumping 
or mixing micro fluidic device. 
By increasing or decreasing the 
volume of a surface, it could 
become a self-focusing lens, 
which can be beneficial for the 
further improvement of the yield 
in solar energy panels. Using the 
corrugated/flat characteristics, 
one can think of a smartphone 
screen for visually disabled 
people, or a sensitive robotic 

finger that can pick up both  
heavy and very delicate objects. 
Liu: “And since we are able 
to make random, irregular 
structures, the robot could even 
have a fingerprint!”

Dynamic surface technology, as 
explored by Broer and Liu, shows 
a promising future where objects 
go from static to adaptive. This fits 
a tendency towards the creation 
and use of more intelligent, 
autonomous environments that 
improve and enhance our daily 
(working) lives.

application would be ideal for 
large solar parks in desolate 
dry areas. Here PV-panels are 
subjected to dry contamination 
such as sand, dust and particles. 
Liu: “By covering solar cells with 
a dynamic surface, the PV-panel 
- triggered by the absence of 
light - could remove the particles 
themselves and increase the 
yield.” Broer continues: “We are 
looking towards a technology 
that uses mechanical energy to 
establish the self-cleaning effect. 
A breakthrough in our research 
will be if we get the dynamic 
surface oscillating. In that way, 
it can remove the particles more 
effectively. At this moment, our 
materials respond on a timescale 
of seconds, but we need to go to 
subseconds. However for a self-
cleaning window that changes 
its wettability when it rains, such 
rapid response times are less 
important.”

Constant change
Before applications based on 
dynamic surface topography 
arrive, there is a road ahead. 
Although the chemically modifying 
of a liquid crystal is a mature 
technology, there is still a lot to 
learn. Broer and Liu are building 
up knowledge around the 
molecular system, the mechanics 
of the polymers and the polymer 

More about this topic:

T. Verho, J.T. Korhonen, L. Sainiemi, V. Jokinen, C. Bower,  

K. Franze, S. Franssila, P. Andrew, O. Ikkala, R.H.A. Ras  

(2012), Proc. Natl. Acad. Sci. U.S.A., 109, 26

D.P. Holmes, A.J. Crosby (2007), Adv. Mater. 19, 3589

D. Liu, D.J. Broer (2014), Angew. Chem., Int. Ed. 53, 4542

See the ICMS animation at YouTube: youtu.be/RVqGqLTGj1c

Dr. Danqing Liu
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Protecting a

the lights go out, we do not have 
the behavior of other people to 
hold on to and our intuition fails. 
We use visual information to spot 
an exit and find people to help 
us. That is why it is so difficult 
to evacuate people from a dark 
subway station full of smoke. The 
simple rules for attraction and 
repulsion between people are 
no longer valid. Neither are the 
insights from group psychology 
about leadership or cooperation. 
In disaster training, we learn to 
stay together, to give each other a 
hand, and to cooperate in finding 
an exit. However, this has never 
been tested. Is buddying really 

How can a gathering be dissolved without causing panic? How wide must the 

aisles of Ikea be to prevent congestion? These situations can be difficult to 

evaluate with human test subjects. However, computer models can mimic and 

predict the behavior of crowds. They tell us that you are sometimes more likely 

to survive if you leave the crowd.

RESEARCH

Busy streets
The way we walk in busy streets is 
full of unspoken conventions. We 
do not touch each other, keeping 
a certain distance from strangers. 
Furthermore, we tend to follow 
friends, and we have a destination 
in mind. A pedestrian follows 
very predictable behavioral rules. 
These rules can be programmed 
into a computer, in much the 
same way that a scientist can 
model the behavior of atoms in a 
cloud, with their mutual attraction 
and repulsion. These few simple 
rules for attraction and repulsion 
between people suffice to make 
a realistic simulation of crowds. 

For instance, in a crowded corridor 
where people are walking in 
opposite directions, lanes will 
form with people walking behind 
each other. When the number of 
people increases, people get stuck 
and cannot move anymore. When 
a place is so crowded that nobody 
can move, people can easily panic 
and be trampled. So it is important 
for engineers to know beforehand 
whether a place can cope with the 
onrush. Computer simulation may 
help them.

In the dark
Yet, these simple models fail when 
we cannot see each other. When 

“When people are in the 
dark, their  

fails. So do our models of 

CROWD DYNAMICS.”
Adrian Muntean, researcher at ICMS
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the best strategy? “To learn about 
escaping these situations, we 
studied how atoms in a gas move 
through a hole”, says Adrian 
Muntean, assistant professor at 
the department of Mathematics 
and Computer Science in 
Eindhoven, and associated with 
ICMS. “We used a computer 
model for the random trajectories 
of atoms, assuming that people 
without sight have no other choice 
than to try to walk in an arbitrary 
direction.” Only when people 
meet in the dark do they behave 
differently from atoms, Muntean 
explains. “In our model, they then 
stick together, precisely the kind 

of cooperation firefighter manuals 
prescribe.” To examine whether 
cooperation is always the best 
strategy, Muntean set limits to 
the group size. When the bunch 
of people became too large, he 
let newcomers go their own way. 
In the computer simulations he 
played with the critical group 
size and the number of people 
wandering around. It turned out 
that cooperation is not always the 
best strategy. Especially when the 
space is crowded, more people 
escape when groups remain 
small and many go their own way. 
But this result depends on the 
circumstances. This simple model 

is probably not precise enough to 
decide when selfishness is more 
advantageous than cooperation. 
“Quite probably, we’ll have to 
include more sophisticated 
deliberations than only group size. 
Already this simple model shows 
that it is useless to give general 
advice to cooperate or to be 
selfish. Reason enough to revise 
calamity trainings”, Muntean 
remarks. 

People and polymers
Muntean also tried a different 
approach, inspired by 
polymer dynamics, involving 
monomers grouping together. 

Mathematically, this gives a 
continuous description, as 
opposed to the discrete atoms and 
lattice-inspired approach. “We got 
similar results. Also in this model, 
it is not advantageous to join large 
groups. In fact, it is not favorable 
at all to join a group, as it takes 
time to associate, and you need to 
dissociate in order to go through 
the exit—especially when the door 
is small. It suggests that some 
major disasters in the past would 
have been smaller if only people 
had not helped each other.” 

Real world
Muntean is now measuring the 

movements of students taking 
the stairs entering the cantina 
at the university and of people 
walking through a railway station. 
He tries to capture accelerations 
due to interactions between 
people who know each other. 
This would add some inertia to 
the models, because of people 
clogging together. Another 
extension would be to include 
anisotropy in the models. The 
simple models do not take into 
account that we have eyes only 
in our face, which makes it easy 
to avoid people who approach 
us in front, but less so from 
the side. The same is true for 

our perceptions of hearing, 
touching and smelling. Muntean 
is presently examining how this 
anisotropy influences the outcome 
of model simulations.

More about this research:

E.N.M. Cirillo, A. Muntean (2013) Physica A, 392, 3578–3588 

L. Gulikers, J.H.M. Evers, A. Muntean, A.V. Lyulin (2013) 

J. Stat. Mech., 04025

A. Muntean, E.N.M. Cirillo, O. Krehel, M. Böhm (2014). 

‘Pedestrians moving in the dark: Balancing measures and 

playing games on lattices’, in: A. Muntean, F. Toschi (eds.), 

Collective Dynamics from Bacteria to Crowds, Springer

Watch our computer animation at 
youtu.be/Txrs4ssiAz0



simulation
Observing hidden worlds

Computer

Simulation is the computational 

study of the spatial and temporal 

evolution of real-world systems. 

Simulations can provide unobstructed 

access to structural and dynamical 

features at all relevant length scales, 

and are increasingly deployed to aid 

in the analysis and design of complex 

molecular systems. ICMS-affiliated 

computational groups are developing 

and implementing a range of 

state-of-the art techniques to 

push the boundaries of in silico 

science. 

TECHNIQUE

14   |   ICMS Highlights



computer simulations to evolve 
from a purely descriptive tool to 
one that may be employed for 
predictive purposes: in silico 
numerical experimentation – 
properly coupled and validated 
with in vitro and in vivo efforts 
– is advancing our understanding 
of the fundamental processes 
in complex molecular systems, 
but also supporting and in some 
cases even replacing traditional 
trial-and-error screening and 
formulation procedures in 
industry.

The right tool for the job: 
multiscale methodology
Despite the exponential increase 
in computational power, even the 
most advanced supercomputers 
are insufficient to capture the 
molecular complexity of even 
the simplest cell. For this reason, 
researchers within the ICMS are 
developing multiscale procedures, 
where many individual actors 
are coarse grained into effective 
entities, for which the numbers 
and properties must be carefully 
chosen to prevent loss of essential 
information in the coarse grained 
system. Likewise, one must 
consider the type of question one 
seeks to address in simulation: for 
some systems, we are interested 

in predicting equilibrium 
structures, whereas for others 
the dynamics – a system’s 
evolution over time – may be 
more relevant. Traditionally, 
Monte Carlo techniques are used 
for equilibrium computations, 
and Molecular Dynamics 
for time-resolved numerical 
experiments but today, at TU/e, 
many additional and even 
hybrid algorithms are developed 
and implemented to tailor the 
computational approach to the 
scientific question at hand.

Simulations and ICMS
ICMS groups across all 
participating TU/e departments 
perform computer simulations of 
a broad range of interacting actor 
systems, ranging from all atom 
studies (e.g. in studies of protein-
ligand binding), polymers (in 
studies of soft matter and tissue 
mechanics) to individual humans 
(in studies of pedestrian traffic). 
Our ambition is to supplement 
the ICMS’s experimental multi-
scale characterization facilities 
with purpose-built simulational 
capacities, investigate into 
the fundamental processes of 
complex molecular structures, 
dynamics and performance. 

Strength of simulations: 
detail, scaling, access
If the approximate numbers in the 
facts tell you anything, it is that in 
order to understand the behavior 
of individual actors (atoms/
molecules, cells or humans), 
their interactions (for instance, 
entropic, electrostatic, steric 
or social) and their emergent 
properties at an aggregated 
level (a cell, a body, or the global 
population), we must learn to 
deal with huge numbers and 
vastly different length and time 
scales. Often, those properties 
are prohibitively extreme for 
direct experimental access at all 
length scales, and only statistical 
information may be obtained 
about the behavior of the system. 
Computer simulations provide a 
means to study the behavior of 
those systems with unobstructed 
access at all relevant length and 
time scales. As such, simulations 
can act as a digital microscope 
that can observe the system of 
interest with infinite resolution, 
without interfering with it, 
and with precise control over 
conditions. The combination 
of a rapid increase in computer 
power with the development 
of increasingly sophisticated 
computer algorithms has led 

humans in 
the world

cells in the 
human body

atoms in one 
human cell

10 9 10 13 10 14

FACTS
Watch the YouTube animations 
about coarse-graining:
youtu.be/ZuekF_fyqcU

and about collagen: 
youtu.be/uXdOSUnCKtk
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NEWS, AWARDS  
& GRANTS

Dr. Noortje Bax is appointed Junior Postdoc by the Dutch Heart Association. The goal of this 
personal grant within the dr. E. Dekker-program is, to let postdocs who recently received their PhD 
become an independent researcher. In her research, Bax will look at the regeneration of the heart 
muscle by using a combination of treatment methods. The grant received by Bax is for 280.000 
euros, which will provide financial support for four years.

This summer, Physics Today has 
highlighted the work of Jom Luiten 
and colleagues with an honourable 
mention and an article. It draws the 
attention to their research on ultrafast 
electron diffraction. Physics Today is 
the news magazine of the American 
Institute of Physics and the American 
Physical Society.

Noortje Bax
Junior Postdoc Dutch Heart Association

NWO Rubicon for 

Peter 
Korevaar

Research 

Jom Luiten & 
colleagues
in Physics Today

The Royal Netherlands  
Academy of Arts and Sciences 
(KNAW) awarded this year's 
"Prijs Akademiehoogleraren" 
to ICMS scientific director 
Bert Meijer and to biological 
psychologist Dorret Boomsma 
of the VU. The award honors the 
work of scientists who belong 
to the best of the world. The 
two scientists receive a million 
euros, to be spend on a scientific 
purpose of their own choice.

Bert  
Meijer
appointed 
Akademiehoogleraar  
KNAWNWO has awarded dr.ir. Peter 

Korevaar a Rubicon grant. 
Peter will use this grant 
to fund a two-year post-
doctoral period in the 
Biomineralization and 
Biomimetics Lab led by 
Prof. Joanna Aizenberg at 
Harvard University. He 
will work on materials 
that can convert a 
fuel in continuous 
movement at 
macroscale.

NEWS, AWARDS & GRANTS
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The beat of 
regenerative therapy

/ Carlijn Bouten / Cecilia Sahlgren 

INTERVIEW

Professor Carlijn Bouten and assistant professor Cecilia Sahlgren are 

determined to bring the field of regenerative medicine steps ahead. Their 

research concentrates on cell behaviour, cell communication and in-situ tissue 

engineering. So far they have achieved promising results in studies of the heart 

valve, heart muscle and blood vessels. 
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Especially the living heart  
valve the Bouten group is  
working on in collaboration  
with colleague material scientists 
and mechanobiologists, is 
drawing a lot of attention in 
academic and medical circles. 
And the concept is impressive. 
In the future, a biodegradable 
implant will be an option for 
a patient suffering from heart 
valve malfunction. Implant valves 
are being designed to attract 
cells from the bloodstream 
and surrounding tissue, which 
develop into a regenerated 
living heart valve. The synthetic 
scaffold, being unnecessary for 
additional function, degrades 

into benign byproducts that 
are eventually expelled from 
the body. After the process, the 
patient is the happy owner of 
a new and healthy heart valve, 
probably lasting a lifetime. The 
research is in an advanced stage, 

and the first clinical trials are 
expected in a few years. 

Translate to diseased
Bouten: “We now have the 
extracellular environment, the 
synthetic heart valve that we can 
implant, that is strong enough, 
that degrades over time and in 
the mean time attracts cells and 
develops new tissue. Although 
we have progressed, there is 
still a lot of work to be done. 
Our heart valve works in the lab 
and in animals, but we have so 
far tested only under “healthy” 
conditions. Our challenge is: 
can we steer and control cellular 
function and tissue formation well 
enough in various circumstances? 
Can we develop a tissue that 
will remain stable for a lifetime? 
Does this valve behave well for 
young and older subjects? Can 
we make it work for people with a 
congenital heart defect: will tissue 
generation work well enough for 
the diseased?”

Unpredictable
Sahlgren: “The fundamental part 
of our research is very complex. 
It comes down to profound 

knowledge and understanding 
of cellular molecular biology to 
be able to get targeted control 
over tissue formation. How do 
the cells communicate? How is 
the correct tissue architecture 
found by communication between 
the cells? Can we guide tissue 
formation by synthetic materials? 
How does the synthetic scaffold 
influence the cell contact and 
behaviour? We work with a highly 
dynamic system, combining 
synthetic and biological material, 
and make use of molecular and 
cellular self-assembly. Working 
in this complex environment and 
under constant non-equilibrium 
is extremely difficult, but it 
also resembles what makes us 
function as human beings, and is 
therefore extremely interesting!” 
Bouten adds: “At times it can be 
frustrating for students. Engineers 
preferably think in terms of 
problem-solving or at least in 
predictable outcomes. In our 
field, prediction is possible but 
only within a certain bandwidth. 
In some cases the implanted 
scaffold functions correctly and 
we get great results. But there can 
also be complications.  

Carlijn Bouten

  “Our challenge is: can we  

     steer and   
cellular function well enough  

      in VARIOUS TYPES  
          of situations?”

Watch the ICMS animations on YouTube:  
youtu.be/HU_pgHlWsdc 
youtu.be/oe_dmCbk7OY
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Put it in an envelope
It is clear that Bouten and 
Sahlgren work in a challenging 
environment and that their 
research and findings do have 
the potential to provide effective 
regenerative therapies in the 
future. Bouten: “It is great working 
on therapies that will possibly 
set new standards. What keeps 
our pace up is the consciousness 

that we are developing a therapy 
that will help more people. For 
starters, material-based tissue 
regeneration will be much cheaper 
than the existing therapies. 
Furthermore, the material has off-
the-shelf availability. In the case 

of heart valves a young patient 
with a defect heart valve currently 
needs to be operated 2-3 times 
during life. Our heart valve grows 
with the patient, and the patient 
thus faces surgery only once in 
a lifetime. This cuts the costs by 
60% and increases quality of life 
enormously. It is possible to do 
the implant minimally invasive via 
the groin so you do not need open-

heart surgery. And you can put a 
synthetic valve in an envelope, 
send it to Indonesia 
and a local surgeon can use it. 
So it serves a worldwide market 
and can therefore become 
available to a lot of patients.” 

As we do not yet fully 
understand the interactions 
between cells, materials and 
new tissue formation, we cannot 
fine-tune them or predict the 
outcomes.” 

Closer
Sahlgren: “To come to better 
and reliable predictions we 
are building up knowledge. 
My main need is a laboratory 
model that mimics the in-situ 
situation. You cannot do this 
research in the body; it is very 
difficult to image dynamic cellular 
and molecular processes in the 
body. We are starting to combine 
existing models and build new, 
more complex model systems, 
both numerical and live. This 
need for development of new 
tools I find a very interesting part 
of my work. However, I am also 
glad to have the opportunity to 
work in an environment that is 
closer to an actual application. 
Classical molecular biology 
works quite far from application. 
And since it is our aim to boost 
regenerative medicine and 
improve the life of patients; 
it can’t be better!” 

Cecilia Sahlgren

The internal 

cell structures 

of cardio-

myocytes and 

fibroblasts 

composing 

cardiac tissue

  “How do the cells 
      COMMUNICATE? 
How is the correct 
    architecture found by 

    
   between the cells?”
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CryoTEM of Soft Matter
The analysis of nano- and 
mesostructured soft matter 
requires detailed imaging, often 
with (sub)nanometer resolution. 
Where scanning-probe techniques, 
such as STM and AFM, are the 
most important tools for imaging 
surface-associated structures, 
cryoTEM is the technique of choice 
to study self-assembled and 
nanoscopic structures in solution. 
In recent years, it has become an 
important tool to study physical 
and (bio)chemical processes that 
control the organization of matter 
in solution and at interfaces. 

Where conventional TEM imaging 
of inorganic structures uses 
the contrast of the elemental 
distributions within these 
materials, such contrast is 
not provided by the organic 
components in self-assembled 
structures and biological 
materials. Moreover, as TEM 
samples must be inserted into the 
high vacuum of the microscope 
column, solution samples and 
hydrated specimens must be dried 
before they can be studied. Both 
staining and drying may affect the 
structure and morphology of the 
sample, e.g. through complexation 
reactions, concentration of 
components, or structural 

collapse. CryoTEM avoids these 
issues through the rapid fixation 
of samples by plunge freeze 
vitrification and by using phase 
contrast imaging.

The specimen: 
fixation and protection
During the plunge freeze 
vitrification high cooling rates 
are used (104 – 105 K/s) such that 
the sample becomes embedded 
in an amorphous film that is 
transparent for the electron beam. 
This rapid fixation makes cryoTEM 
an ideal technique for the time 
resolved study of nanostructures, 
as the vitrified samples can be 
studied for as long as one likes, 
and with different techniques as 
long as they are kept at cryogenic 
temperatures.
To avoid damage to the sample 
by exposure the high energy 
(mostly 200-300 kV) electron 
beam of the microscope, “low 
dose” procedures are used 
that limit the exposure of the 
sample to a total dose of less 
than 100 electrons/Å2. Although 
for a long time this has limited 
the resolution of cryoTEM, the 
development of advanced CCD 
cameras and energy filters now 
allows sub-nanometer structures 
to be resolved and even lattice 
imaging has been achieved. 

TECHNIQUE

CryoTEM samples are thin 
films with a thickness of 
 
 

prepared by plunge freezing 
into melting ethane with a 
temperature of

Radiation damage is 
prevented by using 
electron doses

30-300 nm

-183 oC

< 100 electrons/Å2

FACTS

The TU/e CryoTitan, a one-of-a-

kind electron microscope tailor 

made for the cryoTEM analysis of 

synthetic soft matter.

Cryogenic transmission electron microscopy (cryoTEM) allows the visualization of soft matter 

in its native hydrated state, in three dimensions and with (sub)nanometer resolution. In the 

Soft Matter CryoTEM Research Unit (www.cryotem.com) high resolution and time-resolved 

cryoTEM is combined with diffraction and spectroscopic techniques to study simultaneously 

the development of morphology, structure and chemistry in soft-matter and hybrids materials.

CryoTEM



Edition 3  September 2014   |   21 

A versatile technique
Although projection images 
obtained by cryoTEM imaging 
in principle only provide two 
dimensional information, three 
dimensional information can be 
obtained by tilting the sample 
and recording a series of images 
under different tilt angels, 
typically between -65 0C and 
+65 0C. From this series a 
volume can be reconstructed 
to obtain three dimensional 
information, which can be further 
visualized using computer aided 
segmentation. 
The versatility of cryoTEM is 
illustrated by the variety of 
systems that have been studied. 
These range from self-assembling 
block copolymer structures, 
protein-tagged vesicles, 
dendrimer-based networks, 
supramolecular hydrogels, 
mineralizing collagen, Langmuir 
monolayers, and nucleating 
mineral solutions. Also detailed 
3D imaging in organic solutions 
was recently demonstrated for the 
nanostructure of semiconducting 
poly-3-hexyl thiophene nanowires. 
The CryoTEM Unit continually 
aims at further development 
of methods, techniques and 
infrastructure to expand the limits 
of soft matter imaging, and to 
“visualize the invisible”.

TOP PUBLICATIONS

ICMS 
TOP PUBLICATIONS 
February 2014 – August 2014

M.M.C. Bastings, S. Koudstaal, R.E. Kieltyka, Y. Nakano, 
A.C.H. Pape, D.A.M. Feyen, F.J. van Slochteren, P.A. 
Doevendans, J.P.G. Sluijter, E.W. Meijer, S.A. Chamuleau, 
P.Y.W. Dankers
A fast pH-switchable and self-healing supramolecular 
hydrogel carrier for guided, local catheter injection in 
the infarcted myocardium
Adv. Healthc. Mater. 3, 70-78 (2014)

E. Ducrot, Y.L. Chen, M. Bulters, R.P. Sijbesma, C. Creton
Toughening elastomers with sacrificial bonds and 
watching them break
Science 344, 186-189 (2014)

L. Albertazzi, D. van der Zwaag, C.M.A. Leenders, 
R. Fitzner, R.W. van der Hofstad, E.W. Meijer
Probing exchange pathways in one-dimensional 
aggregates with super-resolution microscopy
Science 344, 491-495 (2014)

D. Florea, S. Musa, J.M.R. Huyghe, H.M. Wyss
Long-range repulsion of colloids driven by ion exchange 
and diffusiophoresis
Proc. Natl. Acad. Sci. U.S.A. 111, 6554-6559 (2014)

M.Y. Guo, L.M. Pitet, H.M. Wyss, M. Vos, P.Y.W. Dankers, 
E.W. Meijer
Tough stimuli-responsive supramolecular hydrogels 
with hydrogen-bonding network junctions
J. Am. Chem. Soc. 136, 6969-6977 (2014)

V. Ballotta, A. Driessen-Mol, C.V.C. Bouten, 
F.P.T. Baaijens
Strain-dependent modulation of macrophage 
polarization within scaffolds
Biomaterials 35, 4919-4928 (2014)

1.

2.

3.

6.

4.

5.

CryoTEM analysis of a bicontinuous polymer 

nanosphere. From left to right: a 2D cryoTEM image, 

a cross section through a tomographic reconstruction, 

computer rendering of the reconstructed volume 

and visualization of the internal pore structure. 

Adapted from A.L. Parry et al, Angew Chem. Int Ed. 47 

(2008) 8859-8862.
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M. Scheepstra, L. Nieto, A.K.H. Hirsch, S. Fuchs, S. 
Leysen, C.V. Lam, L. in het Panhuis, C.A.A. van Boeckel, 
H. Wienk, R. Boelens, C. Ottmann, L.-G. Milroy, 
L. Brunsveld
A natural-product switch for a dynamic protein interface
Angew. Chem., Int. Ed. 53, 6443-6448 (2014)

P.A. Korevaar, C.J Newcomb, E.W. Meijer, S.I. Stupp
Pathway selection in peptide amphiphile assembly
J. Am. Chem. Soc. 136, 8540-8543 (2014)

A. Mirsaidi, K. Genelin, J.R. Vetsch, S. Stanger, F. Theiss, 
R.A. Lindtner, B. von Rechenberg, M. Blauth, R. Müller, 
G.A. Kuhn, S. Hofmann Boss, H.L. Ebner, P.J. Richards
Therapeutic potential of adipose-derived stromal cells 
in age-related osteoporosis
Biomaterials 35, 7326-7335 (2014)

M.J. Hollamby, M. Karny, P.H.H. Bomans, N.A.J.M. 
Sommerdijk, A. Saeki, S. Seki, H. Minamikawa, I. Grillo, 
B.R. Pauw, P. Brown, J. Eastoe, H. Möhwald, T. Nakanishi
Directed assembly of optoelectronically active 
alkyl-pi-conjugated molecules by adding n-alkanes 
of pi-conjugated species
Nature Chem., published online (2014)

S.N. Semenov, A.J. Markvoort, T.F.A. de Greef, 
W.T.S. Huck
Treshold sensing through a synthetic enzymatic 
reaction – diffusion network
Angew. Chem., Int. Ed. 53, 8066-8069 (2014)

A.P.H.J. Schenning, S.J. George
Phases full of fullerenes
Nature Chem. 6, 658-659 (2014)

L.T. de Haan, J.M.N. Verjans, D.J. Broer, 
C.W.M. Bastiaansen, A.P.H.J. Schenning
Humidity-responsive liquid crystalline polymer 
actuators with an asymmetry in the molecular trigger 
that bend, fold, and curl
J. Am. Chem. Soc. 136, 10585-10588 (2014)

V. Ballotta, A.I.P.M. Smits, A. Driessen-Mol, 
C.V.C. Bouten, F.P.T. Baaijens
Synergistic protein secretion by mesenchymal stromal 
cells seeded in 3D scaffolds and circulating leucocytes 
in physiological flow
Biomaterials, published online (2014)

D.J. Broer
A new view on displays
Nature 511, 159-160 (2014)

D. Liu, D.J. Broer
Self-assembled dynamic 3D fingerprints in liquid-
crystal coatings towards controllable friction and 
adhesion
Angew. Chem., Int. Ed. 53, 4542-4546 (2014)

Z.S. Kean, J.L. Hawk, S. Lin, X. Zhao, 
R.P. Sijbesma, S.L. Craig
Increasing the maximum achievable strain of a covalent 
polymer gel through the addition of mechanically 
invisible cross-links
Adv. Mater., published online (2014)

A. van Reenen, A.M. de Jong, J.M.J. den Toonder, 
M.W.J. Prins
Integrated lab-on-chip biosensing systems based on 
magnetic particle actuation – a comprehensive review
Lab Chip, published online (2014)

A. Hernandez-Garcia, D.J. Kraft, A.F.J. Janssen, 
P.H.H. Bomans, N.A.J.M. Sommerdijk, D.M.E. Thies-
Weesie, M.E. Favretto, R. Brock, F.A. de Wolf, M.W.T. 
Werten, P. van der Schoot, M. Cohen Stuart, R. de Vries
Design and self-assembly of simple coat proteins 
for artificial viruses
Nat. Nanotechnol, published online (2014)

8.

7. 14.

15.

16.

17.

18.

19.

9.

10.

11.

12.

13.
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ADVANCED STUDY CENTER

Scientific 
progress 
through  
discussion

Although ICMS’ main topic is molecular complexity,  
the Advanced Study Center has a university-wide scope, 
far beyond the institute's own fields of research. It serves 
as a place to discuss topics in science and engineering 
for all who are working on the boundaries of knowledge. 
It was founded to stimulate cross fertilization between 
disciplines and developing a scientific vision for the 
coming years.

The ASC is located in the Ceres building on the TU/e 
campus and is part of the Institute for Complex Molecular 
Systems (ICMS). It consists of a colloquium hall, the 
common room and several meetings rooms.  
We provide facilities, support and expertise for organizing 
interdisciplinary scientific activities, like workshops and 
lectures. External participants are welcome to participate 
in the Advanced Study Center activities.

Scientific progress is not possible without 

intense and passionate discussions. The 

past has shown that world-changing ideas 

have never been accepted without these 

critical ingredients. For strengthening less 

controversial hypotheses the exchange  

of thoughts with peers is required as well, 

in a surrounding where helpful criticism 

and open questions are continuously 

encouraged. The ICMS Advanced Study 

Center has been designed and established 

exactly for this capacity. 

Honors students organized scientific debates

During the academic year 2013-2014, ICMS offered one  

of the six tracks in the TU/e Honors Academy. The ICMS track 

“The scientific debate” aimed at bringing back the scientific 

debate at the campus. 

As final activity within the track, the participating bachelor 

students Bart Hendriks, Rick Jongen, Stijn van Leuken, 

Reanne Rust, Ali Saadun and Camiel Steffanie organized three 

debates with speakers from within and outside our university. 

They discussed topics around sustainable energy, ranging 

from solar cells and biofuels to the relation between politics 

and science. Speakers were among others drs. Stientje van 

Veldhoven (D66, Dutch Lower Chamber), ir. Simon Rozendaal 

(journalist Elsevier magazine), and prof.dr. Niek Lopez Cardozo 

(TU/e Applied Physics).

Sagitta Peters, managing director

“	The ICMS Advanced Study 
Center serves as an  

intellectual home for 

 thinkers  

and scientists…”
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EPL UPDATE

Polymer  
Powerhouse  
in Eindhoven
The Eindhoven Polymer Laboratories  

(EPL) is the organization that  

encompasses all polymer science  

and technology activities at the TU/e,  

across the departmental borders.  

EPL comprises approximately 45  

permanent staff members, 200 PhD’s  

and postdocs, publishing some 300  

papers per year of which a high number  

are jointly with industrial partners.  

With their many shared interests, jointly  

affiliated members, and the shared  

Ceres facilities, EPL and ICMS have 

established a fruitful collaboration.  

Time for a closer look!

U
pd

at
e
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What is EPL?
Founded in 2002, the EPL has 
been established to advance 
multidisciplinary polymer science 
and technology at the TU/e. EPL 
does this in three ways: firstly, 
by fostering collaboration and 
coherence between Eindhoven 
polymer researchers (through 
prioritized research themes, 
seminars, discussion meetings, 
and symposia). Secondly, by 
acting as host to all guest polymer 
researchers at our university, 
providing them with a shared 
home in Ceres. Thirdly, and 
most importantly, EPL places 
great importance in education, 
ensuring that the next generation 
of polymer receives all the 
support they need to shape the 
interdisciplinary future of polymer 
science.

In all of its research, education 
and industrial collaborations, 
EPL has since its very beginning 
embraced the Chain of Knowledge 
philosophy: polymer science is 
a truely multidisciplinary and 
multiscale endeavour, and EPL 
strives to integrate world class 
efforts along the entire spectrum 
of relevant topics; from polymer 
synthesis all the way up to 
processing and design.

Research at EPL
Based on recent trends in modern 
polymer science and technology 
and building further on the 
strength and unique capabilities 
of the present scientific staff, EPL 
defined four research areas to 
focus on for polymer science  

and technology at the TU/e:
•	 Polymer chemistry and 

self-assembly of polymer 
architectures

•	 Polymer processing, structure 
formation during flow, rheology 
and characterization

•	 Structure-property relations, 
functional, mechanical, 
tribological, etc

•	 Developing the tools of 
quantification: theory and 
multi-scale modeling

Since 2013, EPL is a formal 
interdepartmental center of the 
TU/e. Other centers at the TU/e 
that have overlapping interests 
with those of the EPL, are ICMS 
and the Eindhoven Multiscale 
Institute (EMI). As polymers are 
one type of complex systems 
with multiple scales of interest, 
several researchers of EPL are at 
the same time also active in ICMS 
and/or EMI. With these centers 
of competence being located at 
the same university, the close 
interrelations between them will 
be of mutual benefit.

In 2011, the Intelligent Community 
Forum voted Brainport Region 
Eindhoven as the World’s 
Smartest one. By promoting close 
collaboration between industry, 
research, and government, the 
Brainport Region Eindhoven 
generates a productive climate for 
businesses and researchers alike. 
In the same spirit, the majority 
of research efforts of EPL are in 
close collaboration with multiple 
industrial partners. 

The research activities of the 
groups participating in EPL is 
mainly funded by the Dutch 
government, the Dutch Science 
Foundation NWO, European 
Research Council ERC, and 
industry via the Dutch Polymer 
Institute (DPI) and via bilateral 
contracts.

Education at EPL 
The success of the ‘chain of 
knowledge’ idea hinges on 
the researchers’ training that 
should combine specialization 
with interdisciplinary overview. 
Therefore, adequate education of 
students is of high priority. EPL 
is a key partner in the National 
Dutch Graduate Program in 
Polymer Science and Technology 
(PTN), and an organizer and major 
contributor to the course series 
that leads to the official RPK-title 
(‘Register PolymeerKundige’). RPK 
is nationally organized, is given in 
Utrecht, the centre of our country, 
and includes the following 
state-of-the-art courses (each of 
them requiring ten full days of 
lecturing): Polymer Chemistry, 
Polymer Physics, Polymer 
Properties, Polymer Rheology 
and Processing, and Polymer 
Innovation. To date, more than 
1250 PhD students and postdocs 
followed the RPK courses, while 
112 successfully finished four 
or more courses, obtaining the 
official RPK-title, 74 of whom are 
from the TU/e. At the TU/e, EPL 
aims at offering coherent course 
packages to students, both on 
Bachelor and Master levels. 
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THESES ICMS 
March 2014 – August 2014

Mechanics and 
dynamics in colloidal 
systems with 
complex interactions
Daniel Florea

March 17, 2014
PhD advisors:
prof.dr.ir. P.D. Anderson, 
dr.ir. H.M. Wyss

Laser-assisted 
growth of carbon 
nanotubes
Youri B. van de Burgt

March 31, 2014
PhD advisors:
prof.dr.ir. J.M.J. den Toonder, 
prof.dr. A.H. Dietzel

Engineering 
genetically encoded 
FRET sensors
Laurens H. Lindenburg

April 23, 2014
PhD advisors:
prof.dr.ir. L. Brunsveld, 
dr. M. Merkx

1
2

3

4
6

Dynamic magnetic 
particle actuation 
for integrated 
lab-on-chip 
biosensing
Alexander van Reenen 

June 2, 2014
PhD advisors:
prof.dr.ir. M.W.J. Prins, 
dr.ir. A.M. de Jong 

Modeling the 
mechanics of 
polymer networks
Adrian R. Cioroianu

June 30, 2014
PhD advisors:
prof.dr. M.A.J. Michels, 
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O ok zzp’ers gaan een keer met pensioen en of zij dan
iets geregeld hebben voor hun oude dag is zeer de
vraag. Een pensioen zelf regelen zou passen bij een be-
staan als zelfstandig ondernemer maar is ook duur.

Volgens veel zzp’ers zelfs onbetaalbaar. Verplichte deelname aan
een pensioenfonds staat haaks op de vrijheid van het zelfstandig
ondernemerschap.
Dat er een pensioenvoorziening komt voor zzp’ers kan alleen
maar worden toegejuicht. Of het wat uithaalt valt nog te bezien.
De regeling die vakorganisaties hebben opgezet met pensioenuit-
voerder APG blijft duur. Bovendien staat het deelnemers vrij om
te bepalen of en wanneer ze geld storten in een persoonlijk pen-
sioenpotje. De regeling is individueel en biedt veel vrijheid – an-
ders dan gebruikelijk bij pensioenfondsen – maar dat is ook de
valkuil. Zzp’ers kunnen gemakkelijk zwichten voor de verleiding
om even niet te storten als de inkomsten laag zijn of de uitgaven
hoog. Het pensioen is dan al gauw een zorg voor later.
De verwachtingen zijn niet hoog gespannen. Nederland telt intus-
sen bijna een miljoen zzp’ers, van wie er volgens de prognoses
tussen de 10.000 en 25.000 zullen deelnemen aan de pensioenre-
geling. Nu legt nog geen kwart van de zzp’ers geld opzij voor la-
ter en in de meeste gevallen is dat verre van voldoende.
Er zijn grote verschillen tussen zzp’ers. Lang niet iedereen be-
schikt over de kwaliteiten om zelfstandig een redelijk bestaan op
te bouwen. Voor veel zzp’ers is het ondernemerschap ook geen
keuze maar de enige manier om aan werkloosheid te ontsnap-
pen. Vrijwillig sparen voor een redelijk pensioen is veel gevraagd
van zzp’ers die het slachtoffer zijn van de slechte arbeidsmarkt
en de toenemende flexibilisering en die moeten sappelen om
rond te komen.

Mooie beelden van de druk-
bezochte Luchtmachtdagen
op Vliegbasis Gilze.

ed.nl

M inister Ronald Plasterk van Binnenlandse Zaken
heeft weer een slechte week achter de rug. Dat hij
bij de formatie van het kabinet Rutte II werd afge-
scheept met een ministerie dat in de loop van de tijd

steeds verder is uitgekleed moet voor de ambitieuze PvdA’er een
tegenvaller zijn geweest. Dat hij er ook nog eens weinig van bakt
is een persoonlijke nederlaag.
Binnenlandse Zaken raakte politie kwijt aan het ministerie van
Veiligheid en Justitie en integratie aan Sociale Zaken. Wonen en
vernieuwing van de rijksdienst moest Plasterk overlaten aan pro-
jectminister Stef Blok. Belangrijke taken die resteren zijn de be-
stuurlijke organisatie, bewaking van de rechtsstaat en konink-
rijksrelaties. Aanvankelijk zag het er nog naar uit dat Plasterk zijn
tanden kon zetten in de bestuurlijke hervorming. Het streven
naar gemeenten met minimaal 100.000 inwoners verdween ech-
ter al gauw als onhaalbaar in de ijskast. De omvorming van
twaalf provincies in vijf landsdelen is een zelfde lot beschoren.
De fusie van Noord-Holland,
Utrecht en Flevoland tot superpro-
vincie moest de opmaat zijn voor
de bestuurlijke hervorming, maar
de noodzaak daarvan heeft Plas-
terk niet kunnen aantonen. Zijn
plannen zijn door provinciebe-
stuurders afgeserveerd als visie-
loos en niet veel meer dan het uit-
gummen van provinciegrenzen. In het parlement lukte het de mi-
nister niet om naast de regeringspartijen in elk geval D66 en
GroenLinks achter zijn wetsvoorstel te krijgen.
Het probleem van Plasterk is dat hij moet opboksen tegen geves-
tigde machten die zichzelf niet willen opheffen. Als een minister
er dan ook nog onvoldoende in slaagt om duidelijk te maken
voor welke problemen de superprovincie een oplossing biedt, is
zijn missie tot mislukken gedoemd. Zonde van de moeite, maar
heel veel anders had Plasterk toch niet te doen.

KANKERONDERZOEK

UDEN – De gemeenten Uden en
Veghel zijn tegen de nieuwe vlie-
groutes van vliegbasis Volkel die
het ministerie van Defensie heeft
uitgekozen. Ze vragen minister
Jeanine Hennis-Plasschaert drin-
gend om haar keuze te heroverwe-
gen.
Om Veghel te ontzien koos de mi-
nister niet voor het meest milieu-
vriendelijke alternatief dat voor
de minste omwonenden ernstige
geluidshinder oplevert. De burge-
meesters Henk Hellegers van
Uden en Ina Adema van Veghel
concluderen dat door haar keuze
‘ettelijke honderden’ mensen
meer ernstig last krijgen van het

lawaai van overvliegende F-16’s.
De Udense burgemeester legde
gisteren uit dat het ministerie een
slordige vergissing heeft gemaakt
en het Veghelse industrieterrein
heeft aangezien voor een woon-
wijk. Hij zegt dat het ministerie
van Defensie hem heeft toege-
zegd serieus naar de opmerkin-
gen van hem en zijn Veghelse col-
lega te gaan kijken.
Burgemeester Hellegers gaat er-
van uit dat het ministerie uitein-
delijk kiest voor de milieuvriende-
lijkste variant door alle F-16’s di-
rect na de start te laten afbuigen
en de herrie in het dorp Volkel te
beperken.

door Arnold Mandemaker
e-mail: a.mandemaker@ed.nl

EINDHOVEN – Organen die op een
chip groeien; het lijkt een scène
uit een sciencefictionfilm. Piep-
kleine pompende hartjes en zuch-
tende longetjes in een bak borre-
lende vloeistof. Prof. dr. ir. Jaap
den Toonder begrijpt dat dit
beeld kan ontstaan, maar hij bena-
drukt dat de werkelijkheid heel
anders is. Ja, straks groeien in zijn
‘micro-fabricagelab’ op de Techni-
sche Universiteit Eindhoven blok-
jes menselijk weefsel in een mi-
crosysteem, ingebed in een chip.
Maar die lijken zeker niet op ech-
te organen.
Op zijn bureau liggen kleine bak-
jes van glas of siliconen en een
constructie met naaldjes en buis-
jes. Daarin moet het straks alle-
maal gebeuren: weefsel waarin
kankercellen gaan groeien. De ver-
schillende blokjes worden straks
onderling verbonden, net als ech-

te organen. Ze liggen in een vloei-
stof die de bloedbaan simuleert.
In de blokjes met microscopisch
kleine doorgangetjes en membra-
nen gebeurt wat ook in het men-
selijk lichaam plaatsvindt, maar
dan doorzichtig en dus stap voor
stap te volgen. De blokjes worden
in eigen huis gemaakt met be-
hulp van 3D-printers en lasertech-
nologie. Voor de chips wordt lit-
hografietechniek gebruikt, maar
vanwege de grotere schaal dan bij
micro-elektronica is een dure
‘cleanroom’ onnodig. Den Toon-
der: „Het kleinste waar wij naar
kijken zijn rode bloedcellen en
micro-bloedvaten. Die zijn maar
een paar micrometers groot.”
De laboratoriumopstelling met de
biologische en fysieke eigenschap-
pen van het menselijk lichaam
maakt inzichtelijk hoe kankercel-
len zich verplaatsen en groeien.
Artsen weten bijvoorbeeld al dat
borstkanker kan uitzaaien naar de
hersenen of de longen. Maar hoe
dat gebeurt is onbekend. Het is
wel duidelijk dat stijfheid van om-
liggend weefsel een rol speelt bij
het actief worden van kankercel-
len. Vandaar dat in de blokjes de
druk precies gereguleerd kan wor-
den om dit proces te simuleren.
Het fundamenteel onderzoek dat

Den Toonder en zijn team nu
gaan uitvoeren moet uiteindelijk
leiden naar nieuwe en goedkope-
re methoden om medicijnen te
maken. „Het duurt nu zeker tien
jaar en een miljard dollar om een
nieuw medicijn te maken. Pas als
je die op mensen kan testen,
blijkt of je wel of niet op de goede
weg zit. Is dat niet het geval, dan
ben je het geld kwijt”, schetst
Den Toonder. Vandaar dat farma-
ceutische bedrijven grote belang-
stelling tonen voor dit onderzoek.
Den Toonder hoopt dat binnen
vier tot acht jaar de sprong ge-
maakt kan worden van lab naar
ziekenhuis. Zijn droom: ontwikke-
ling van efficiënte medicijnen die
heel precies zijn gericht op een be-
paald type patiënt.
Het onderzoek beperkt zich voor-
lopig tot kankercellen, maar Den
Toonder acht uitbreiding naar an-
dere weefsels, bijvoorbeeld her-
sencellen of aderen, mogelijk. Dat
kan bijdragen aan de strijd tegen
Alzheimer of aderverkalking.

Layar

Luchtmachtdagen

Overzicht geslaagden�

Laboratorium voor micro-
fabricage TU/e wordt groot-
ste van zijn soort in Neder-
land; kosten ruim 1 miljoen
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Zzp-pensioen is voor later zorg

Plasterk bakt er weinig van

� Prof. dr. ir. Jaap den Toonder stu-
deerde wiskunde aan de TU Delft.
Hij studeerde cum laude af en ook
zijn promotie-onderzoek bezorgde
hem een cum laude-vermelding.

� Na zijn studie werkte hij bij Philips
als wetenschapper. Daar maakte hij
kennis met andere disciplines, on-
der meer gezondheidszorg.

� Den Toonder was al deeltijd-hoog-
leraar aan de TU/e, maar sinds mei

2013 is hij fulltime hoogleraar.
� Gisteren hield hij zijn entreerede,

voorafgegaan door een symposium
over micro-technieken en biologie.

� Het idee om organen op een chip
te laten groeien is recent. Twee
jaar geleden werd het gelanceerd
als theoretisch concept, nu worden
wereldwijd al proeven gedaan.

� Vanaf januari 2015 gebeurt dat
ook in een lab van de TU/e.

Onduidelijk voor
welk probleem
superprovincie
de oplossing is

�

Het lijkt sciencefiction, maar
het gebeurt op de TU/e: or-
ganen die groeien op een chip.

� Jaap den Toonder met voor zich
de blokjes van glas of siliconen en
andere constructies waarin straks
blokjes menselijk weefsel zullen
groeien.

Rechts schematische weergaven
van de ‘organen op een chip’. Op
de bovenste foto liggen links ge-
kweekte kankercellen die via een
‘bloedbaan’ zijn verbonden met de
orgaancellen rechts.
Animation Studio

Uden en Veghel tegen
vliegroutes F-16’s
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M ijn peettante Leen
was in Heeze op
bezoek bij familie.
Tante Leen. Alleen

haar naam al bracht mijn jeugd
terug. Vooral de avonden dat
mijn vader of moeder de ver-
jaardag vierden. Wij, zes stuks
kinderen, moesten dan in de
keuken blijven. We mochten
eerst nog meehelpen de stoe-
len in een grote kring te plaat-
sen en de asbakken en bekers
sigaretten op tafel zetten.
Daarna gingen we aan de keu-
kentafel zitten. En dan kwa-
men alle ooms en tantes, het
was een grote familie. Die van
buiten Nederweert belden
meestal aan bij de voordeur,
die in ons geboortedorp waren
gebleven kwamen achterom,
door de deur van de bijkeuken.
We luisterden dan naar de
stemmen binnen, een druk ge-
roezemoes, dat naarmate de
avond vorderde steeds meer in
luid gelach ontaardde. Af en
toe stak een oom of tante het
hoofd door de keukendeur, al-
tijd gevolgd door een blauwe
walm, die datzelfde hoofd in
een beminnelijke mist hulde.
Tante Leen was getrouwd en
woonde in Heerlen, wat voor
mij voorbij de andere kant van
de wereld lag. Toen de jaren als
rendieren door het leven wa-
ren gaan hollen, zag ik tante
Leen alleen nog op begrafenis-
sen, van mijn vader en moeder,
van ooms en tantes.
Maar nu zag ik tante Leen dan
terug in Heeze, 95 jaar, klein,
dun, fragiel en toch sterk.
We praatten in dialect over de
keukenjaren, over de blauwe si-
garettenluchten aan de hemel.
Ik hoorde uit haar mond woor-
den en namen die ik al heel
lang niet meer gehoord had,
maar die nog steeds als echo’s
in het hoofd opgeslagen lagen.
En toen tante Leen een foto
van ons twee wilde laten ma-
ken, stonden we buiten in het
gras, de armen om elkaar, de ar-
men om onze familie, de ar-
men van heden om verleden.

JOS KESSELS
j.kessels@ed.nl

Het duurt nu zeker
tien jaar en een
miljard dollar
om een nieuw
medicijn te maken

prof. dr. ir. Jaap den Toonder

Tante Leen

“
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‘Wow, dat waterstof ging echt snel’
Inter view
Robbert van Putten en
Erik Schulpen

Twee studenten ontdekten
een veel snellere manier om
waterstof op te slaan. Handig,
voor een waterstofbatterij.

A�d�ve�r�t�e�n�t�i�e

Door�Bruno�van�Wayenburg

EINDHOVEN.�Glamoureus kun je het
scheikundelab van de TU Eindhoven
niet noemen. Hier niet het strakke wit
van het biomedische lab of de techno-
logische smetvrees van de clean-
room, maar vieze betonnen vloeren
en onduidelijke vlekken op volle lab-
t afels.

In de zuurkasten staan opstellingen
van kolven, roerders en destilleerto-
rens, geklemd in roestige houders,
sommige vermoedelijk al jaren. De ra-
dio loeit top-40-muziek, terwijl stu-
denten en promotie-onderzoekers
hun gang gaan.

„Tijdens een OGO sta je hier hele
d a ge n”, zegt Robbert van Putten,
„met acht man op een zaal.” OGO
staat voor ‘ontwerpgericht onder-
wijs’, een onderwijsvorm waarbij stu-
denten onderzoek doen.

Tijdens zo’n project deed Van Put-
ten samen met zijn jaargenoot Erik
Schulpen een ontdekking die terecht-
kwam op de voorpagina van het vak-
blad ChemC atChem. Waterstof is
dankzij hun nieuwe katalysatoroplos-
sing zeer snel te combineren met
koolstofdioxide (CO2), en vormt zo
mierenzuur CHO2H. De omgekeerde
reactie verloopt ook extreem snel.
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St�u�d�i�e�g�e�n�o�t�e�n

Robbert�van�Putten�(1992)�en
Erik�Schulpen�(1993)�studeren
allebei�scheikundige�technolo-
gie�aan�de�TU�Eindhoven.
Evgeny�Pidko�(1982,�Moskou)�stu-

deerde�scheikunde�in�Moskou�en

promoveerde�in�2008�aan�de�TU

Eindhoven.�Sinds�2011�is�hij�assis-

tant�professor�duurzame�energie-

technologieën�aan�de�faculteit

Scheikundige�Technologie�van�TU

E�i�n�d�h�ove�n

Daarmee wordt de combinatie van
CO2 en mierenzuur eigenlijk een soort
batterij voor waterstof, die je naar be-
lieven kunt op- en ontladen.

Waterstof, het lichtste molecuul, is
al jaren een groene belofte: een ener-
giedrager gemaakt van het meest
voorkomende element, die geen
broeikasgassen oplevert bij verbran-
ding. Het nadeel: het is lastig op te
slaan. Sommige waterstofauto’s en
waterstofbussen gebruiken gekoelde
tanks of hogedruktanks, maar prak-
tisch is dat niet.

„Dit is hem”, zegt Van Putten bij
een opstelling van glaswerk in een
zuurkast waarachter hij en zijn studie-
genoot inmiddels maanden hebben
doorgebracht. In een kolf onderaan
een destilleerkolom zit het oplosmid-
del dimethylformamide. Daarbij zit
nog een snufje katalysator, een orga-

zien waar het allemaal om begonnen
is. Met een spuitje wordt het mieren-
zuur bij de oplossing onderaan de
destilleertoren gegoten. Meteen ver-
schijnen daarin kleine belletjes. Het
mierenzuur wordt, met hulp van de
katalysator, ontleed in waterstof en
kooldioxide, beide gassen die om-
hoog borrelen. „Dat is het”, zegt Van
Putten, „Dit is alles.”

De omgekeerde reactie, waterstof
en CO2 die samen veranderen tot mie-
renzuur, is visueel nóg onspectacu-
lairder. Van Putten: „Die vindt plaats
in een gesloten drukvat, dus daar zie
je helemaal niets van.”

Toch is het verschijnen van de bel-
letjes verbazend. In bepaalde omstan-
digheden produceert elk katalyator-
molecuul 1,1 miljoen waterstofmole-
culen per uur, een turnoversnelheid
die het oude, toch scherp geachte, re-
cord met een factor tien verbetert.

re mensen bijgehaald.”
Evgeny Pidko, docent en begeleider

van Van Putten en Schulpen: „De nor-
male reactie van een begeleider is in
z o’n geval: dat kan niet, jullie hebben
iets fout gedaan. Haha!”

In overleg besloten de twee nog een
paar maanden verder te werken aan
hun vondst. Van Putten: „Daar komen
ook de resultaten uit die we in het ar-
tikel beschrijven.”

Is de turnoversnelheid nu het enige
b i jz o n de re?
Van Putten: „Nee, vooral ook het feit
dat de reactie heel gemakkelijk om-
keerbaar is. Bij 90 graden kun je het
waterstof gemakkelijk uit het mieren-
zuur krijgen, maar bij 65 graden hele-
maal niet. Dat is een groot contrast,
en het betekent dat je gemakkelijk
kunt schakelen, en dat het dus een
heel stabiele opslagmethode is.”

Is dit dan ook meteen praktisch
br uikbaar?
Pidko: „Nou, voor echt praktisch
bruikbare waterstofopslag zou de ca-
paciteit nog omhoog moeten. We heb-
ben hier in Eindhoven een project
voorgesteld waarbij studenten een
waterstofauto op mierenzuur zouden
maken. Dat zou moeten kunnen,
denk ik.

„Maar voor grootschaliger toepas-
singen is de opslagdichtheid eigenlijk
nog niet hoog genoeg. We zijn op
zoek naar andere moleculen om wa-
terstof in op te slaan, bijvoorbeeld
methanol. Erik doet hier nu onder-
zoek naar.”

Maar dat is een heel ander mole-
cuul. Wat heb je dan aan deze ont-
dekk i ng?

Van Putten: „De chemische reacties
zijn wel verwant. Sowieso is dit on-
derzoek niet in de eerste plaats be-
doeld om meteen een betere opslag-
molecuul te vinden, maar om de reac-
ties te begrijpen.”

Het mechanisme van deze
reactie was nog altijd niet duidelijk.
Daarmee bedoelen we hoe de mole-
culen precies bij elkaar komen, en in
welke volgorde de verschillende frag-
menten met elkaar combineren. Nu
snappen we dat veel beter. Toen we
dat aan het opschrijven waren voor
het artikel, kwamen we meteen ook
weer op ideeën om de reactie te ver-

Hebben jullie geluk gehad of zijn jul-
lie gewoon goede studenten?

Uhh...”
Ze zijn goed. De meeste stu-

denten doen gewoon wat we zeggen,
maar zij hebben zichzelf gemoti-
veerd, ze hebben aan zichzelf ge-
werkt, ze kennen de literatuur. Als ik
met deze mannen over dit onderwerp
praat, praten we op hetzelfde ni-

M�AT�E�R�I�A�A�L�KU�N�D�E

Het dunste draadje ooit
gemaakt is drie atomen dik

AMSTERDAM.�Het is voor het eerst gelukt een draad te
maken van slechts drie atomen dik (Nature Nanomate-
r i al s , 28 april). Met een diameter van 0,4 nanometer is
het de dunste nanodraad ooit gemaakt. Het materiaal
bestaat uit molybdeen en seleen. Dat schikt zich van
nature in dunne plakken. Door er een bundel van elek-
tronen op te schijnen kon er op bepaalde plekken ma-
teriaal weg geëtst worden. Tussen twee van die gaten
blijft dan een dunne draad over. De onderzoekers den-
ken dat de draden binnen vijf tot tien jaar kunnen die-
nen als sterke en flexibele elektronische verbindingen
in superkleine elektronica. (NRC )

P�SYC�H�O�LO�G�I�E

Helpen ‘omdat God het wil’ lijkt
minder nobel dan uit jezelf

AMSTERDAM.�Als iemand iets goeds doet vanuit religi-
euze overwegingen, vinden gelovige én ongelovige
Amerikanen dat minder prijzenswaardig dan wanneer
diegene niet religieus gemotiveerd was. Dat komt
doordat ze bij religieus gemotiveerde helpers het idee
hebben dat de helper er eigenlijk niet verantwoorde-
lijk voor was. Dat is paradoxaal, omdat (zeker in de
Verenigde Staten) veel mensen religie zien als bron van
moreel gedrag. Ze vertrouwen religieuze mensen ook
sneller (Journal of Experimental Psychology: General,
28 april). Misschien krijgt een ongelovige die ‘to c h’ iets
goeds doet morele ‘b o nu sp u n te n’. (NRC)

Erik�Schulpen�(links)�en�Robbert�van�Puttenontdekten�een�nieuwe�manier�om�waterstof�in�koolstofdioxide�op�te�slaan.
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plantenresten gevonden, onder ande-
re van graszaden, waterlelieknollen,
dadels, pijnboompitten en peulvruch-
te n .

3 Neanderthalers waren
matige jagers

Bottenkenner Erik Trinkaus consta-
teerde in 1995 dat Neanderthalers bo-
vengemiddeld veel botbreuken oplie-
pen, ongeveer evenveel als rodeo-
rijders. Hij concludeerde dat Nean-
derthalers er riskante jachttechnie-
ken op na hielden. Ze zouden prooien
met steeksperen hebben belaagd en
daarbij vaak gewond zijn geraakt.

Maar Trinkaus heeft dat idee in 2012
zelf weer verlaten: Neanderthalerske-
letten vertonen evenveel breuken als
die van moderne mensen uit dezelfde
tijd. Bovendien zijn er aanwijzingen
dat Neanderthalers gezamenlijk jacht-
partijen coördineerden. Ze dreven bij-
voorbeeld kuddes bizons en mam-
moeten van kliffen af. De Neandertha-
ler was bedreven in de jacht, en had
kennis van zijn prooi en het landschap.

4 De technologie van Neander-
thalers was simpeler dan

die van moderne mensen
In werkelijkheid waren Neandertha-
lers net zo handig als moderne men-
sen. Ze maakten bijvoorbeeld lijm uit
berkenbast door de bast tot 400 gra-
den Celsius te verhitten zonder dat er
zuurstof bijkwam. Met deze berken-
pek lijmden ze vervolgens stenen
punten aan houten stelen.

Neanderthalers waren misschien
ook uitvinders: 50.000 jaar geleden
maakten ze al gereedschap van her-
tenribben om leer mee glad te wrij-
ven. Misschien hebben moderne
mensen deze techniek later zelfs over-
ge n o m e n .

Neanderthalers waren niet onze
mindere. Waarom stierven ze dan uit?
„De Neanderthalervorm is inderdaad
ve rdwe n e n”, zegt Roebroeks, „maar
ze zijn niet zomaar even opgerold”.
Uit DNA-onderzoek blijkt dat alle Eu-
ropeanen en Aziaten Neanderthaler-
DNA dragen. Mens en Neanderthaler
leefden naast elkaar en kregen soms
samen kinderen. De Neanderthaler is
deels in de genenpoel van de mens
opgegaan, en niet uitgeroeid, stellen
Roebroeks en Villa.

„Ik ben het grotendeels met Villa en
Roebroeks eens”, reageert Erik Trin-
kaus, hoogleraar antropologie van de
Washington University. „Wat zij heb-
ben samengesteld moest gezegd wor-
de n .” Ook Chris Stringer, hoogleraar
antropologie bij het Natural History
Museum in Londen, kan zich vinden
in de argumenten van Paola en Villa.
„Er is niet één reden waarom Nean-
derthalers overal en over een periode
van 25.000 jaar uitstierven.”

Roebroeks verwacht niet dat ieder-
een nu om is. „Integendeel, veel colle-
g a’s zullen het met onderdelen van
onze opschoonactie oneens zijn”,
zegt Roebroeks, „maar ik denk dat ie-
dereen erkent dat Neanderthalers en
hun tijdgenoten veel meer op elkaar
lijken dan we tot voor kort dachten.”

Neander thaler
kon heus wel wat
Vier Neanderthaler-mythes ontkracht
Neanderthalers deden niet onder voor ‘moderne mensen’ uit

hun tijd. Ze waren niet dom, maakten sieraden en gereedschap,

waren bedreven jagers en aten echt niet alleen vlees.

Door�onze�redacteur

Lucas�Brouwers

AMSTERDAM.�De klassieke Neander-
thaler is een vleesetende woesteling
met een gebrekkig voorstellingsver-
mogen. Zijn technologie en cultuur
zou altijd bij de moderne mens zijn
achtergebleven. Dat is althans het ste-
reotiepe idee. Maar het klopt niet. Ar-
cheologisch bewijs voor de superiori-
teit van de moderne mens ontbreekt,
schreven Paola Villa (University of Co-
lorado Museum) en Wil Roebroeks
(Universiteit Leiden) woensdag in
PLOS ONE. „Op basis van de archeolo-
gische gegevens is er geen enkele re-
den om te veronderstellen dat de Ne-
anderthalers onderdeden voor de
moderne mensen uit hun tijd”, zegt
Roebroeks nu.

Neanderthalers leefden tussen de
350.000 en 40.000 jaar geleden in
Europa en Azië. Ze stierven uit rond
de tijd dat moderne mensen Europa
binnentrokken. Voor het verdwijnen
van de Neanderthalers zijn talloze
verklaringen geopperd. De meeste ko-
men erop neer dat ze mentaal tekort-
schoten. Maar die hypothesen zijn ar-
cheologisch nauwelijks onderbouwd,
laten Villa en Roebroeks in hun artikel
zien. Ze prikten elf uitstervingsmy-
then door. Hieronder staan de meest
h a rd n e k k i ge .

1 Moderne mensen konden
symbolisch denken,

Neanderthalers niet
75.000 jaar geleden maakten moder-
ne mensen voor het eerst kunst en
sieraden, in Zuid-Afrika. Ze droegen
kettingen van schelpenkralen en be-
krasten rode okerblokken met ab-
stracte lijnenpatronen. Volgens som-
mige onderzoekers markeren de kra-
len en krassen de geboorte van een
moderne geest: ze hadden geen nut,
maar waren mooi of hadden een sym-
bolische betekenis.

Het is nog maar de vraag of dat
klopt . Bovendien: Neanderthalers ge-
bruikten ook rode oker. In Italië en
Spanje beschilderden late Neander-
thalers er schelpen mee. En in Frank-
rijk en Italië sneden ze roofvogelklau-
wen van poten af, mogelijk om ze als
hanger te gebruiken. Ook vliegpen-
nen waren bij Neanderthalers in trek,
blijkt uit snijsporen op vleugelbotten.

2 Neanderthalers hadden
een beperkter dieet dan

moderne mensen
De Neanderthaler wisselde vlees af
met vlees. Hij joeg vooral op groot en
middelgroot wild zoals paarden, bi-
zons en edelherten. Konijnen liet hij
lopen en voedzame planten liet hij
staan. De Neanderthaler zou op die
manier minder energie uit zijn omge-
ving halen dan moderne mensen.

Dat was althans het idee. Inmiddels
is duidelijk dat het dieet van Neander-
thalers veel diverser en rijker was dan
gedacht. Neanderthalers vingen ook
klein wild en waterwild, zoals konij-
nen en eenden. En ze aten wel dege-
lijk ook plantaardig voedsel. In hun
tandsteen en op hun werktuigen zijn
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Besmeurde kuifaalscholvers hebben na
tien jaar nog steeds last van olieramp

AMSTERDAM.�Kolonies van kuifaalscholvers die
besmeurd zijn met olie brengen tien jaar later
minder jongen groot. Dat schreven biologen
woensdag in Biology Letters. Zij onderzochten
gevolgen van de olieramp met de Prestige, de
olietanker die in 2002 voor de kust van Galicië
zonk. Daarbij lekte 63.000 ton de zee in. In de
jaren daarna brachten kuifaalscholvers in het
oliegebied ieder jaar gemiddeld 0,9 jongen
groot, daarbuiten 1,48. Mogelijk is er minder
voedsel beschikbaar of hebben de vogels nog al-
tijd last van de blootstelling aan de olie. (NRC)

Astronomie Water liet stenen rollen op Mars
Door�onze�redactie�wetenschap

AMSTERDAM.�Nog geen 200.000
jaar geleden stroomde er water
over het Marsoppervlak. Niet over-
al en niet lang misschien, maar ge-
noeg om puinstromen op te wek-
ken langs bevroren kraterwanden
die met sneeuw bedekt waren.

Dat berichten onderzoekers in
het vakblad Icar us ( juni). De groep
analyseerde opnames van het
Marsoppervlak die werden ge-
maakt vanuit een Nasa-satelliet. Ze

vergeleken die met foto’s van het
oppervlak van Spitsbergen.

De aandacht concentreerde zich
op karakteristieke geulen die hoog
aan de binnenwanden van een
naamloze inslagkrater op het zui-
delijk halfrond van Mars te zien
zijn. Ze lijken sprekend op de geu-
len die puinstromen (debris flows)
achterlieten op Spitsbergen. Puin-
s t ro m e n zijn massa’s stenen die
met hoge snelheid van steile hel-
lingen glijden als de ondergrond
door waterverzadiging vervloeit.

Ze bevatten soms blokken van
meer dan een meter dik en laten
karakteristieke sporen achter, zo-
als verhoogde oevers langs hun
bedding . De ouderdom van de in-
slagkrater werd afgeleid uit de
hoeveelheid kratertjes die latere
meteoorinslagen achterlieten.

De onderzoekers leidden af dat
zonne -instraling van invloed was
op de beschikbaarheid van het wa-
ter. Het ontstond uit de sneeuw-
m a s s a’s die na de laatste Marsijs-
tijd gingen smelten.F
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Reconstructie�van�een�N�e�a�n�d�e�r�t�h�a�l�e�r�v�ro�u�w�die�in�1979�bij�Saint-Césaire�in�Zuidwest-Frankrijk�is�gevonden.�In�Spanje

versierden�Neanderthalers�50.000�jaar�geleden�schelpen�met�oker (rechtsboven).�Mogelijk�droegen�zij�die�als�hangers.
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Het mechanisme van deze
reactie was nog altijd niet duidelijk.
Daarmee bedoelen we hoe de mole-
culen precies bij elkaar komen, en in
welke volgorde de verschillende frag-
menten met elkaar combineren. Nu
snappen we dat veel beter. Toen we
dat aan het opschrijven waren voor
het artikel, kwamen we meteen ook
weer op ideeën om de reactie te ver-

Hebben jullie geluk gehad of zijn jul-
lie gewoon goede studenten?

Uhh...”
Ze zijn goed. De meeste stu-

denten doen gewoon wat we zeggen,
maar zij hebben zichzelf gemoti-
veerd, ze hebben aan zichzelf ge-
werkt, ze kennen de literatuur. Als ik
met deze mannen over dit onderwerp
praat, praten we op hetzelfde ni-
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Mastering complexity requires a deep understanding 
on how matter – both natural and artificial – self-
organizes into functional molecular systems. The 
Institute for Complex Molecular Systems (ICMS) of 
the Eindhoven University of Technology (TU/e) was 
established in 2008 and brings together mathematics, 
physics, biology, chemistry and engineering to 
stimulate education and research in this emerging 
field of science. Interdisciplinarity is the core of ICMS; 
with the specialized input from leading specialists in 
different branches of science and engineering, new 
avenues are explored, where mastering complexity 
is the leading theme. The scientific agenda of ICMS 
consists of three lines of research:
1.  Functional molecular systems 

(program leader prof.dr. E.W. Meijer)
2. Bio inspired engineering 

(program leader prof.dr.ir. F.P.T. Baaijens)
3. Complexity Hub 

(program leaders prof.dr. Rutger van Santen 
and prof.dr. Mark Peletier)

ICMS hosts the Advanced Study Center, a breeding 
ground for new interdisciplinary research. It serves 
as an intellectual home to scientist from all over 
the world, hosting discussions on the theme of 
complexity. It is also the home of the Eindhoven 
Multiscale Institute (EMI) and the Eindhoven Polymer 
Laboratories (EPL). 

ICMS aims at offering an ideal training environment 
for all young students and scientists to prepare 
themselves for a future career in science and 
engineering in a world of increased complexity.    
Therefore, we offer the Graduate Program in Complex 
Molecular Systems (MSc and PhD). 

The relationship with industry is strengthened via 
the Industrial Consortium – where science meets 
innovation. 

More general information can be found via our 
website www.tue.nl/icms. Please contact us via 
email icms@tue.nl or telephone +31 40 247 2482 
with specific questions or remarks.
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