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Making better use
of sunlight

Although solar cell technology is developing rapidly,
solar energy still constitutes only a fraction of our total
energy consumption.
Huub de Groot, professor of Biophysical Organic Chemistry at
the University of Leiden, is confident that the coming seven or
eight years will be critical in determining the winning
technologies for change over the next few decades. He is
scientific director of BioSolar Cells, a Dutch public-private
research partnership that aims to bring solar cell technology
to the next level. ‘We are using algae, plants and biosolar cells
– ‘artificial leaves’ – that use light to produce fuel and
feedstock for the chemical industry’, he says, ‘using water
and carbon dioxide as the raw materials.’ Algae, for instance,
have proven to be very successful as a source of energy. Their
oil content is high and they are very productive. Research has
shown that algae can convert industrial waste into energy.
Leftover proteins can be used in the food and feedstock
industry.

Modelling chemical
reactions

What will happen when molecules A and B are put
together? Traditionally, the outcome of chemical
reactions is determined by studying these in reality, in a
lab. Today, scientists are using computer models that
can simulate chemical reactions, based on the laws of
quantum mechanics.
‘These simulations help us to understand in detail how
chemical reactions really proceed’, says Matthias Bickelhaupt,
professor of Theoretical Chemistry at VU University
Amsterdam. Current models are suitable for predicting
relatively complex, multi-step reactions between organic and
even biological molecules. Bickelhaupt: ‘Our approach,
however, is not just to describe increasingly realistic model
systems. We want to understand why molecules react as they
do in terms of a unified and universal model of chemical
reactivity that we are developing.’ This approach eliminates
the need for much of the time-consuming and costly lab work
as well as explorative simulations. Recently, Bickelhaupt was
asked to start a collaboration with chemical industry in order
to elucidate the electronic and steric factors that really
determine one of their key processes in silicone chemistry.
‘One of the aspects of this project that fascinate me’, says
Bickelhaupt, ‘is the fact that a very fundamental research line,
in which we were trying to trick the carbon atom into
violating the octet rule (by forming five bonds instead of the
commonly accepted maximum of four), suddenly became the
starting point for understanding and thus improving
something as applied as an industrial process.’
S.C.A.H. Pierrefixe, S.J.M. van Stralen, J.N.P. van Stralen, C. Fonseca Guerra,
F.M. Bickelhaupt, Hypervalent Carbon. "Freezing" the SN2 Transition State,
Angew. Chem. Int. Ed., 2009, 48, 6469-6471

A. Alia, F. Buda, H.J.M. de Groot, J. Matysik, Solid-State NMR of
Nanomachines Involved in Photosynthetic Energy Conversion, Annual
Review of Biophysics, 2013, 42 (1), 675–699
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challenges

Green chemistry as a key.
to sustainability.
Many of the major challenges of the 21st century
have a technical nature. How do we provide our
growing world population with sufficient health
care, food, energy and materials, well into the
future? How do we minimize our impact on the
environment, limiting both waste and pollution?
Green chemistry may hold the key to all of these
challenges, according to many scientists.
One of the pioneers in this context is the Biocatalysis and
Organic Chemistry group at TU Delft. This group is taking
biocatalysis one step further, to optimize its activity and
availability. The group’s innovations include the development of
novel enzymes for redox reactions, and the use of enzymes as

catalysts for renewable materials. ‘Modern molecular biology
tools allow us to design new enzymes for specific purposes’,
says Isabel Arends, professor and group leader. ‘This makes
them more widely applicable, and more suitable for sustainable
processes.’ One example is the selective and mild bioreduction
of bioacids using molecular hydrogen or syngas as the
reductant and enzymes as catalysts. This paves the way for easy
and straightforward production of aldehydes, which are pivotal
intermediates in fine and bulk chemistry from renewable
resources.
Y. Ni, P.L. Hagedoorn, J.H. Xu, I.W.C.E. Arends and F. Hollmann, A biocatalytic
hydrogenation of carboxylic acids, Chem. Commun., 2012, 48, 12056-12058
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chemistry matters

Four ambassadors on the
Dutch chemistry sector: what
are they doing and what are
their concerns?

Progress with molecular
precision
Chemists must continue to shine in the basics of their own discipline if
they are to solve complex problems as well, argues Ben Feringa.

Investment in
the future
Dutch chemistry has never been an ivory
tower, according to Louis Vertegaal. But
the Top Sector Chemistry does provide
extra opportunities to connect new
companies to the innovation system.
‘I am happy about the Top Sector
Chemistry because it encourages us
to make new connections. The top
sector's focus on talent development,
entrepreneurship and joint innovation
on the basis of new knowledge is
useful. NWO Chemical Sciences can
contribute a lot to joint innovation in
particular; to this end we have set up
the top consortium New Chemical
Innovations and have initiated the Fund
New Chemical Innovations. Over the
next few years we want to further
expand our role as a broker for chemical
knowledge and contacts. We are
superbly equipped for this because we
cover the entire academic field and
can help those who approach us find
partners in unexpected places. For
example, we have linked art restorers
to material technologists to analyse
paintings, astrophysicists to quantum
chemists to trace the origin of molecules
in the universe, and experts in
chemocatalysis to biotechnologists to
convert biomass into valuable chemicals.
But the emphasis on public-private
partnership must not be at the

expense of the fundamental and nonprogrammed chemistry research.
Demanding from us that we invest a
large part of our budget in new forms
of collaboration without offering us any
compensation is a big risk. The open
competition for curiosity driven research
receives many superb proposals for
chemical research. Such research forms
the foundation of tomorrow's
innovations. Therefore at least forty
percent of these research proposals
deserve funding. Yet at present a mere
ten percent receive funding for no reason
other than a lack of funds. If this
continues Dutch chemistry will suffer
irreparable damage. Then instead of
facilitating the innovative strength of
tomorrow our top sector policy will have
undermined it. And we will certainly do
everything in our power to prevent that!’

‘Whether we are talking about new
medicines, alternatives for scarce
materials, building blocks for the green
chemical industry or sustainable energy,
we will only make real progress on all of
these fronts if we learn to understand
and manage processes with molecular
precision. The chemical perspective
therefore takes centre stage with the
associated expertise of physicists,
biochemists and engineers. In this sense
chemistry has an increasingly crucial role
to play. We now face a double challenge.
On the one hand we need to carefully
formulate and translate urgent problems
into scientific questions, so that we can
put together the right teams of
researchers who can jointly find a
solution. On the other hand chemistry
can only fulfil its key role well if it has a
strong foundation. And we can do that:
at Dutch universities a new generation
of chemists is blossoming. They are
exceptionally talented and internationally
successful as evidenced by the many
ERC Starting Grants they have received,
and convinced of the power of chemistry.
They demonstrate that chemistry is
a superb design and manufacturing
discipline and dare to take on the
challenge of realising scientific
breakthroughs through the molecular
approach. They are willing and capable
of working in partnerships and excel in
bringing chemistry to the attention of
a wider public. We must provide such
talented chemists with sufficient
opportunities both now and in the future
so that they stay in the Netherlands.’
BEN FERINGA IS PROFESSOR OF ORGANIC

LOUIS VERTEGAAL IS DIRECTOR OF NWO

CHEMISTRY AT THE UNIVERSITY OF GRONINGEN

CHEMICAL SCIENCES.

AND CHAIR OF THE NWO CHEMICAL SCIENCES
BOARD.
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Networks beyond
regional borders
The Valorisation Network Top Chemistry Delta is
still in the pioneering phase, says Arie Brouwer.
But the responses received so far are enthusiastic,
especially those from the regions.
‘Chemistry is the only Dutch top sector that clearly focuses on
the regions. That is why the Valorisation Network was set up.
It does active outreach on behalf of the four top consortia in
the Top Sector Chemistry. We seek contact with campuses,
innovation labs, development companies or other regional
parties with ambitions in the area of chemistry. We help
entrepreneurs to set up collaborative projects, we support startups, bring knowledge to the market and fill in training gaps.
For example, we provide training for lecturers at universities of
applied sciences. The chemical landscape is fragmented. Within
the regions people know how to find each other but beyond
the regional borders they often have few contacts. We offer
entrepreneurs the opportunity to join national and international
networks with the ultimate aim of creating more business. The
responses to this are enthusiastic. However, a cultural chasm still

exists between entrepreneurs and universities. We could achieve
far more within the chemistry chain if people get to know each
other better and make more use of each other's strengths. One
of my ambitions is to contribute to that with the Valorisation
Network. Another is to expand the network into a Euroregional
network. Why should our activities stop at the Dutch border?
There is a lot of interest for collaboration from Belgium and
North Rhine-Westphalia and that interest is mutual.’
ARIE BROUWER IS DIRECTOR OF DPI VALUE CENTRE AND CHAIR OF THE
VALORISATION NETWORK TOP CHEMISTRY DELTA.

New Earth New Chemistry
The action agenda of the Top Sector Chemistry is rightly called ‘New
Earth New Chemistry’. Chemical breakthroughs are needed if things
on Earth are to be organised differently, says Gerard van Harten.
‘Unfortunately, the public role played by
chemistry as the driving force behind
innovations is chronically neglected.
Chemistry as a science and as an industrial
sector does not receive the recognition
it deserves from the general public.
The innovation chain behind consumer
products remains out of sight, for
example. Yet chemistry is the key to
increased sustainability: genuine
innovations that are so drastic that we
cannot even conceive them at present.
I hope that we can put this under the
spotlight more. We now have a good
starting position. For the first time three

key players are sitting at the same table:
research, companies, and government.
Industry and science have a long history of
collaboration. But SMEs, as the biggest
driver of innovation, and the government,
as a facilitator of innovation, were missing.
Now with everybody on board we are
gaining momentum. My expectation is
that NWO Chemical Sciences will guide
the new forms of partnership now within
reach. The top consortium New Chemical
Innovations can serve as an incubator for
groundbreaking ideas. However, a
challenge for NWO will be safeguarding
the balance between the short-term

perspective and wishes of companies on
the one hand and curiosity-driven
research, in other words the long-term
perspective, on the other.’
GERARD VAN HARTEN IS CHAIRMAN OF THE
TOP SECTOR CHEMISTRY.
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Sustainable
route to plastics
success story

Syncom BV and the University of Groningen are jointly investigating an
environmentally friendly route to produce Polyethylene Furanoate (PEF).
The sustainable polymer derived from biomass could potentially replace
oil-based plastics such as PET. The partners received a KIEM grant from
NWO Chemical Sciences for this.

With the assistance
of a KIEM grant we
can make use of
knowledge from the
university that we do
not have ourselves.
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‘Several years ago we decided to use our
expertise to tap new markets’, says André
Heeres of Syncom. The company located
on the Zernike Campus Groningen was
founded in 1988 as a start-up of the
University of Groningen and has grown
rapidly in recent years. Syncom produces
a very diverse range of chemical
substances on small-scale. ‘The pharmaceutical industry is one of our most
important customers. The companies use
our substances in the complex research
process that ultimately leads to new
drugs. In addition, we design the
processes to allow interesting molecules
to be produced on a larger scale’, says
Heeres.

Environmentally
friendly route
For some time the company has had the
idea of developing an environmentally
friendly route for the production of PEF.
Heeres: ‘This bio-based building block for
the polymer industry has the potential to
replace oil-based plastics in the future.
The current route, however, has several

atomic mass: 15,999 / discovered by: Carl Wilhelm Scheele and Joseph Priestley

disadvantages. With the research we want
to develop an alternative route that can
potentially lead to higher yields.’ Syncom
and the university can engage a postdoc
to carry out this research for a period of
several months under the supervision of
Francesco Picchioni, associate professor of
Chemical Technology (University of
Groningen). For this joint research project
they have received a KIEM grant from
NWO Chemical Sciences. KIEM is the
Dutch acronym for Knowledge Innovation
Mapping for SMEs and is one of the
funding instruments for public-private
partnerships of the NWO Fund New
Chemical Innovations, NWO Chemical
Sciences’ most important contribution to
the Top Sector Chemistry. With KIEM a
start-up company or SME can submit a
specific knowledge question to a
knowledge institution.

Attractive construction
‘Our project fits particularly well in the
objective of KIEM’, emphasises Heeres.
‘After all it is about discovering in a few
months whether an idea is feasible or
not. Within five to six months it should

Francesco Picchioni, associate
professor of Chemical Technology
(RUG) and André Heeres of Syncom
combine a specific knowledge
question with research capacity.

atomic mass: 18,998 / discovered by: Carl Wilhelm Scheele
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sustainable route to plastics

be clear whether we can also realise the
theory in practice.’
For an SME like Syncom a KIEM grant is
an attractive construction, financial and
otherwise. ‘For every euro we invest,
NWO provides four more. With the
assistance of KIEM we can make use of
knowledge from the university that we
do not have ourselves’, says Heeres.

Fast procedure

From the other side, associate professor
Picchioni considers public-private
partnerships to be a fantastic opportunity
for university researchers to come into
contact with interesting companies.
‘We spend most of our time doing
fundamental research. So it is also
important for us to have contact with
companies that can elaborate our ideas
into concrete applications.’ Other
collaborative projects are therefore taking
place as well, for example between the
University of Groningen and Syncom with
BioBTX to extract benzene, toluene and
xylene (BTX) from low-value biomass.

These are important raw materials for the
chemical industry.
Picchioni found the application procedure
for KIEM to be particularly fast and
efficient. ‘The model agreement from
NWO is fairly simple compared to other
grant applications. Often you have to
describe in far greater detail what the
research will focus on and in which
sequence the different aspects will take
place. As I am very busy with teaching,
research and supervision of students and
researchers, I was really pleased that I
could complete the KIEM application
within one week.’

Filing a patent

If the postdoc's research leads to feasible
results, Syncom and the University of
Groningen will consider filing a patent
for these. Heeres: ‘Together with the
university we want to see if the research
can be developed into concrete
applications over the next few years.
Filing a patent will give us that time
we need.’

‘In effect, NWO Chemical Sciences has
three types of research funding:
science-for-science, science-forcompetitiveness and science-forsocietal-challenges. KIEM makes a big
contribution to the second objective,
but in many KIEM projects the societal
orientation is also very important.
With this instrument, NWO wants to
enable entrepreneurs and researchers
to gain an impression of the
knowledge-expertise-market chain
sooner, so that they can make a good
estimate of the feasibility as well as
the economic and societal relevance.
KIEM gives smaller companies a superb
experience of how knowledge from
universities and universities of applied
sciences can benefit the development
of new markets and applications.
Therefore NWO wants to reach this
group more effectively. After all, SMEs
are the driving force behind the Dutch
economy.’
Bert Jan Lommerts, Board member NWO
Chemical Sciences, board member TKI-NCI,
core team member Top Sector Chemistry,
general director Latexfalt bv.

NWO Fund New Chemical
Innovations encourages
entrepreneurship
The NWO Fund New Chemical Innovations is an incubator for new
innovations within the Top Sector Chemistry and beyond. The fund
has three funding instruments:
• Knowledge Innovation Mapping (KIEM): aimed at
collaboration between a start-up or SME with a knowledge
institution. The aim is to transfer existing knowledge, to solve
a problem, or to renew a product, process or service. Projects
are funded for twenty percent by industry and for eighty percent
by NWO.
• Chemical Industrial Partnership Programme (CHIPP): aimed
at collaboration between one company and at least two
knowledge institutions. Projects are funded for fifty percent by
industry and fifty percent by NWO.
• Technology Area (TA): for consortia of at least two companies
and at least two knowledge institutions that can grow into larger
public-private partnerships. Projects are funded for one third by
industry and for two thirds by NWO. The Top Knowledge &
Innovation Consortium New Chemical Innovations (TKI NCI)
advices the board of NWO Chemical Sciences on the quality of
the research projects and the relevance of the projects for the
Dutch top sector policy and related societal challenges.
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challenges

Tracking chemical
reactions in living
cells
resting

simulated

Example of a fluorescently labelled signalling protein that is recruited to the plasma
membrane upon stimulation of cells by histamine (an inflammatory signal).

Biochemical reactions lie at the basis of all life processes.
Multiple reactions take place in any cell at any given
time. Molecules are assembled, metabolized, transported
and used to transmit signals. Traditionally, scientists
have studied these biochemical reactions in test tubes.
The newest techniques, however, allow them to follow
these processes inside living cells. ‘We use advanced light
microscopy’, says professor Dorus Gadella, group leader at
the Molecular Cytology group of the University of
Amsterdam, ‘which enables a sensitive, non-invasive and
highly specific way of visualizing structures and interactions in
cells.’ The group has not only developed its own advanced
light microscopy methods – it also makes its own markers to
track the movements of molecules inside living cells. In 2010,
it presented the brightest cyan fluorescent protein known to
science. Proteins like this can help scientists to study the
chemical signals that result in certain changes in the cell
membrane. ‘The main question and challenge is to
understand how cells process information, using a couple
of ‘unintelligent’ molecules, to make intelligent decisions
on cell division and directional cell movement.’

Capturing biology
with biophysical
chemistry

Physicists have long been studying the behaviour of
complex materials: materials that consist of many
different building blocks. Their methods and knowledge
have improved significantly over time, but some puzzles
remain – particularly when it comes to living materials.
How exactly do biomolecules interact? How do all these
combined interactions allow cells to metabolize, multiply and
communicate? The Department of Molecular Dynamics at the
Rijksuniversiteit Groningen develops biophysical models that
describe and predict these interactions. Professor Siewert-Jan
Marrink and his colleagues have managed to explain, for
instance, the spontaneous formation of vesicular membranes,
and the functionality of protein channels in those
membranes. ‘To do this, we use the so-called molecular
dynamics simulation technique’, says Marrink, ‘which uses
specialized software to compute the interactions between
individual molecules from which the macroscopic behaviour
emerges. In the near future, we will be able to provide an
atomically detailed view on complete biological cells in all
their complexity.’
M. Louhivuori, H.J. Risselada, E. van der Giessen, S.J. Marrink, Release of content
through mechano-sensitive gates in pressurized liposomes, Proc. Natl. Acad. Sci.
USA, 2010, 107, 19856-19860

Opening of a protein channel embedded in a small liposome, simulated using the
molecular dynamics technique. Part of the liposome is cut away to show the
aqueous inner compartment.

M.J.W. Adjobo-Hermans, J. Goedhart, L. van Weeren, S. Nijmeijer, E.M.M.
Manders, S. Offermanns, T.W.J. Gadella, Real-time visualization of heterotrimeric
G protein Gq activation in living cells, BMC Biology, 2011, 9, 32
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the biobased economy

THE SUN AS
A SOURCE FOR
CHEMISTRY
Can sunlight be used to produce a liquid fuel from carbon dioxide
and water without the help of plants? Chemists are working hard to
turn that future dream into a reality. At the same time we are
dependent on plants as a sustainable source for chemical raw
materials. A lot of research is still needed to realise a profitable and
sustainable biorefining industry. NWO Chemical Sciences is
therefore encouraging collaboration between chemical scientists
and companies. But also with Brazil that has considerable
experience with large-scale biorefining. The exchange of ideas in
these projects will lead to increasingly innovative green chemistry.
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the biobased economy

‘Everyone is confronted by the problem of lignin, a polyaromatic
glue which holds plants together but is hard to break down.
Furthermore, lignin accounts for twenty to thirty percent of
plant material’, says Emiel Hensen, professor of Inorganic
Materials Chemistry at Eindhoven University of Technology.
‘Biorefining can never be profitable and sustainable if you throw
thirty percent waste material into the incinerator. That does
not happen in the oil refining industry either.’ There processes
have been optimised over the years to virtually eliminate waste.
All oil fractions are incorporated into an end product.
Lignin is a potential alternative source for aromatic compounds
if crude oil runs out. Such compounds are used to produce
polystyrene, for example, the plastic that disposable cups and
food trays are made from. Lignin is a very difficult material to
work with, however, because the aromatic compounds are
linked together randomly. Biochemist professor Marco Fraaije
from the University of Groningen is working on this problem.
He discovered a new class of oxidising enzymes and is testing
the effect of these on chemicals like lignin.
‘Lignin can almost certainly be broken down with oxidative
enzymes, just like it is in nature’, says Fraaije. Yet it remains to
be seen how efficient that process can be made. ‘Investigating
whether the many recently discovered enzymes can be used to
treat cheap waste flows is definitely interesting though.’

A lot of high-risk research is still
needed before companies start
processes on commercial scale.

Wide range of products
‘Whereas for the past ten years the focus was on biofuels, now
we are increasingly looking at how you can obtain high-value
products from a wide range of agricultural waste’, says Fraaije.
Incineration really is throwing away resources. Hopefully in the
future, plants will no longer be needed to obtain energy.
Besides the efficient conversion of solar energy into electricity,
this can also be realised by temporarily storing solar energy in
energy-rich chemical compounds in a manner analogous to
photosynthesis.
For the manufacture of chemical products, however, biomass
is the only alternative to fossil resources. Obtaining high-value
products from waste streams is therefore one of the key
objectives of the Top Sector Chemistry, which would like the
Netherlands to be known as the nation of green chemistry
by 2050: a country that mainly uses raw materials based on
biomass for the production of food, energy and plastics.
To realise this aim efficiently, biorefining now faces the
challenge of converting all of the plant components into
valuable chemical substances. Everyone involved agrees on that.
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However, there is far less agreement about which substances
you can best obtain from plant waste as raw materials for the
chemical industry. Hensen: ‘Worldwide at least ten to fifteen
different products are being investigated and there are no clear
winners yet. Which molecules will prove to be the best
platform?’ In other words, which biological building blocks can
you use to make an entire range of products, just like you can
with ethylene and benzene from the oil refinery? Will it be
lactic acid, succinic acid or even furfural, to name a few?
‘For second-generation biorefining, which does not use any
edible parts of plants, work is now focussing on the lab scale’,
says professor of Industrial Biotechnology Han de Winde, vicechair of the NWO Chemical Sciences board. ‘Before companies
start processes on a commercial scale a lot of high-risk research
is needed, as the processes are still far from optimised and cost
effective. NWO therefore funds scientists who will considerably
improve these aspects. And it invests in incubators for new
public-private partnerships, for example via the programme TA
Biomass, part of the NWO Fund New Chemical Innovations.’

Two flows

There are two schools of thought in the world of biorefining,
says Hensen. ‘Some call for the plant material to first of all be
broken down into small molecules which are subsequently used
to produce new raw materials. Alternatively, you can also use
catalysts to selectively break down plant material. With such a
targeted 'cutting and pasting' you can produce new
monomers.’
Fraaije’s research within the TA Biomass programme is part of
the second school of thought. He thinks completely breaking
down complex carbohydrates into small molecules is a waste of
resources. ‘After all nature has invested a lot of energy in
realising such complex, high-value molecules’, says Fraaije. ‘ By
modifying these complex carbohydrates you can make
important raw materials for industry, such as glue and plastics.’
Hensen, however, has opted for the first approach. Together
with Utrecht professor Bert Weckhuysen and the Chinese Dalian
Institute of Chemical Physics, he has developed novel recyclable
catalyst materials for cellulose in which he wants to combine
different functionalities in a single catalytic material. In
combination with enzymes, these catalyst materials must break
the cellulose down into glucose and then immediately convert
those glucose molecules into platform molecules such as 5hydroxymethylfurfural (HMF). All of this must take place in the
same reactor but within different microenvironments.
This research is taking place within the Joint Scientific Thematic
research Programme (JSTP) in which NWO is collaborating with
China in areas such as the hybrid conversion of biomass.
Collaboration with the Chinese Dalian Institute increases the
chances of the project's success, according to the Eindhoven
professor. ‘Through them we gain access to the top one percent
of the Chinese students as only they are allowed into this
institute. We therefore acquire considerably better research
results and publications.’

the biobased economy

Growing algae for the production of biofuels

Catalysis selectively breaks down
plant material. With such targeted
‘cutting and pasting’ you can
produce new monomers.

Prying apart
Han de Winde sees another challenge for the future. Namely
closing the gap between the catalysis groups working on
conversions of biomass and the groups that pry important
ingredients apart, such as specific fibres and proteins, from
biomass. ‘You must remove high-value raw materials during the
pre-processing of the plant material, as otherwise you lose
them’, explains De Winde. ‘But how does that influence the
subsequent process steps? For example, if you first of all remove
the protein from grass and then make oil from the remains, do
you still have the same oil that you would have obtained if the
proteins had remained in the material? In the end we will need
to harmonise the different processing stages, just like in
'traditional' oil refining.’

Furthermore, a small country like the Netherlands cannot initiate
the biobased economy by itself, if for no reason other than our
limited biomass production. NWO Chemical Sciences is
therefore focusing on close collaboration within Europe, and
further afield with countries like Brazil, China, India and the
United States.

Knowledge from everyday practice

‘Brazil has already gained considerable experience with the
production of biofuels and biobased chemicals and is continuing
to learn from everyday practice’, explains De Winde. ‘This
practical knowledge is interesting to us. To avoid the trap of
training just ivory tower academics it is important that young
researchers gain the opportunity to see how large-scale
biorefining works in practice.’ In Europe, where large-scale
demonstration projects on biorefining are struggling to get off
the ground, that is difficult at present.
De Winde went on a trade mission to Brazil in 2012 – with the
then Crown Prince Willem-Alexander and Princess Máxima – to
formalise the collaboration there. NWO has launched Joint
Research Projects for the Biobased Economy together with
research council FAPESP from the State of São Paulo and with

atomic mass: 30,974 / discovered by: Hennig Brandt
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the biobased economy

partnership in chemistry. ‘You can see that NWO Chemical
Sciences has already gained experience with this type of
collaboration and it can therefore effectively realise the work for
the top sectors’, says Hensen. ‘It is quite a dynamic club that
easily responds to new developments.’

Drop of fuel

Close-up of crystals which form a basis for a solar to
fuel device. (S.Y. Park, University of Twente)

the National Council for Scientific and Technological
Development Brazil (CNPq). ‘Brazil has many good universities in
the area of biochemical engineering. The Brazilian government
is using funds from gas and oil extraction to make considerable
investments in engineering, molecular biology research and
systems biology. And you can see that this approach is working:
many good scientists are being drawn to those universities from
elsewhere and good new scientists are being trained there as
well.’

We explicitly give big way to
out-of-the-box ideas
Closer to home, Fraaije also hopes to acquire knowledge about
large-scale production via the collaboration with Avebe in his TA
Biomass project. In the lab he is working on the scale of grams.
In the second phase of the project, industrial partner Avebe
wants to test interesting enzymes on a larger scale. ‘We can
learn a lot from that’, says Fraaije. After those tests further
adjustments to the enzymes are still possible. ‘From the
perspective of fundamental science, we will also investigate the
relationship between enzyme form and function. This will give
us information that can be used at a later stage if we want to
further improve the enzymes.’
‘The combination of fundamental and applied research is the
guiding principle of projects that NWO funds in the area of
green chemistry’, says De Winde. NWO Chemical Sciences has
been pioneering collaboration between science and industry
since 2002 within ACTS, the platform for public-private
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In the research programme CO2 Neutral Fuels, fundamental,
high-risk research meets application-oriented research that can
be applied in the near future. It is a collaboration between NWO
Chemical Sciences, NWO institute FOM and private parties such
as Shell and ties in closely with the objective of making
chemistry more green and sustainable. One of the themes
within CO2 Neutral Fuels is power-to-gas. ‘In other words: how
can you convert CO2 and water into methane using electricity?
That is useful at moments when there is an excess supply of
sustainable energy, for example on a sunny day with a lot of
wind’, says Guido Mul, Professor of Photocatalytic Synthesis at
the University of Twente. Applications are still a long way off
but in recent years solar fuels have become a hot topic.
Mul is working on how you can convert CO2 back into fuel
without using electricity and without the help of plants. ‘If we
can achieve that then in the future you will be able to put a
panel on your roof to produce fuel for your own car.’ He is
working on a reactor that has a large surface but is also very
thin. ‘You need enough surface to capture sufficient light. The
fuel that you obtain from the reactor can be hydrogen, methane
or a liquid fuel such as hexane, methanol or ethanol.’
‘Our own process to catalyse the production of fuel - using
particles of Ti4+ on porous silica - works but is not fast enough
yet. On a day with eight hours of sunlight we can produce just
a drop of fuel. But this needs to be a litre before it will be
interesting enough for people to place such a panel on their
roof: so we need to improve the efficiency by a factor of 1000.’
In Mul's experience, many parties in the Netherlands are
interested in participating in this type of research. ‘Before the
programme was finalised we organised a workshop where
interested parties could present themselves and look for
potential partners. This was very well attended. We explicitly
gave big way to out-of-the-box ideas.’ At the same time, Shell's
representative on the programme committee keeps a sharp eye
on the feasibility of the various subthemes. It is an interesting
interaction and a form of collaboration that the Netherlands
excels in.

atomic mass: 32,066 / discovered by: Louis Joseph Gay-Lussac

my chemistry

Dream

‘In a few years time I want to
have my own manufacturing
plant. That's something I've
been working towards all my
life and it's going to happen.
For many years I was a
consultant; then you give a
good advice and close the
door behind you. Producing
something yourself is far
more fun.’

With her company Geochem, entrepreneur Virginie Heidweiller is
focussing on three lines of innovation: a new production method for
nanosilica, a new technique for chemical water purification and the
safe use of nanotechnology. In collaboration with academic partners
shehe has submitted various grant proposals to the NWO Fund New
Chemical Innovations of NWO Chemical Sciences.
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I know exactly what
I want to achieve.

Virginie Heidweiller

‘‘I know exactly what I want to achieve. However,
I need both high-value equipment and good scientists
to improve my products and production methods. Not
engineers but fundamental researchers in chemistry
and physics who can work together to completely
fathom processes at the nanoscale. Hopefully I can
find such people through NWO Chemical Sciences.’

High-grade

Low threshold

‘The top sectors are still strongly focussed on
large companies and are less attractive for small
businesses. Each research proposal requires a lot
of effort plus an in-cash contribution, even
though the chances of being awarded funding are
low. The negative net cash flow before a steady
stream of revenues is established, or ‘Death
Valley’, is a major hurdle for small businesses.
However, low-threshold funds for innovative
start-ups and SMEs, such as NWO's KIEM grant,
are a real boost for this segment.’
Want to know more about the possibilities NWO
Chemical Sciences offers for public-private
partnerships? See www.nwo.nl/fondsnci.
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‘Nanosilica has a strengthening
or drying value in mixtures. It
is used, for example, in rubber,
foodstuffs, paint and concrete.
Nanosilica is normally
produced at temperatures of
1000° to 1400° C. My company
Geochem can produce
high-grade nanosilica at a
temperature of less than 100° C.
We have already produced
several hundred kilos of
nanosilica and in 2013 we will
produce 50 tonnes of it.’
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Chlorine

›› Let our network and

chemistry@nwo

Chemistry creates networks
Chemistry, being the creating science, is an integral
part of our world. It connects physics, technology and
life sciences. Chemistry at NWO is cross-disciplinary.
It brings together science and society, in the
Netherlands and abroad. It covers a network of over
1,400 chemists in all chemical disciplines.

Scientific Meetings

Matchmaking

Networks &
Meetings

Technology &
Sustainability

Interconnected
by nanotechnology
and complex
molecular systems

Community
building

Multi disciplinary
Physics & Materials
Biological &
Medical Sciences

www.nwo.nl/cw

chemistry
@
nwo.nl

chemistry@nwo.nl

Partner Research
Councils

International
collaboration

Matchmaking

Chemical
Industry

Academia

Public Private
Partnership
(PPP)

Chemical industry in the Netherlands
(2012)
Total companies: 2,150
Jobs (2012): 64,000
Production (2012): € 90 billion (index: 116)

Small & Medium
sized enterprises (SME)

Large Companies

Turnover (2012): €60 billion
Contribution to Dutch Gross Domestic Product: 2,5%
R&D: 2% of its revenue
Export: 80% of produced products

Chemistry creates innovation
Chemistry is one of the nine top innovation sectors selected by the Dutch

Source: VNCI

government. Innovation occurs at the interface of disciplines or where
fundamental and applied research cross paths. NWO stimulates partnerships
between the chemical sciences in the Netherlands, the chemical industry
and partner organisations in Europe, USA and the emerging science nations
Brasil (see pages 12-16), India, China (see pages 20-21) and South-Africa.
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atomic mass: 39,948 / discovered by: William Ramsay and John Strutt (Lord Rayleigh)

experience work for you
Chemistry creates excellent
research

Percentage of total expenditure of 41 M€ a year

NWO Chemical Sciences encourages

(average over 2012 & 2013)

innovative, fundamental, strategic and
applied research. It funds excellent
chemical research which:
• Is curiosity driven

Community &
Knowledge transfer

Other

International
Collaboration

51

• Addresses societal challenges

6

• Innovates with industry
Themes, Innovation
& Top Sectors

30

in%

58

Curiosity driven
Research

High citation impact scores for Dutch researchers in
Chemistry & Chemical Engineering

Infrastructure

Curiosity-driven
research & talent scheme
Thematic programmes
& themes

Funding
Excellent Science

1,54

1,0

Dutch score

Global average

(2008-2011)
Source: Science, Technology & Innovation Indicators 2012 (www.wti2.nl)

NWO and the chemical sciences in the Netherlands

KIEM
CHIPP
Fund New Chemical Innovations
TA

1,120

>1,400

14

FTE

researchers

collaborations

FTEs financed
by NWO

chemists financed
by NWO

affiliated with 14
universities, knowledge
institutes and NWO
research institutes.

Innovation &
Societal Challenges
TKI

NWO Chemical Sciences granting in numbers (2012)
Independent experts assess the proposals submitted to NWO (peer-review)

Top Sector Chemistry
and related top sectors

323

77

433

applications

grants awarded

running projects

atomic mass: 39,098 / discovered by: Humphry Davy
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Computer simulations
accelerate the scaling up
process of a bioreactor

succes story

How do you design a large-scale bioreactor in
which penicillin producing microorganisms can
do their work under optimal conditions? The
answer to this question lies at the heart of the
public-private partnership project of chemical
engineer Robert Mudde from Delft University of
Technology and R&D center head Yuan Yin of
DSM Biotechnology Center in China, which is
co-financed by NWO Chemical Sciences.
‘The microorganisms that produce penicillin now do
their work so well that DSM feels forced to provide
them with food and oxygen faster’, says Robert
Mudde in his office at the campus of Delft University
of Technology. ‘But before you constructi a largescale bioreactor you need to acquire a better
understanding of the classical flow problems. In our
project my main focus is the flow processes that take
place in a bioreactor. The cooperation with industrial
partner DSM gives me access to data that a
university would not otherwise get hold of easily.
For me as a scientist that is particularly valuable.’
Challenge
Realising the step from laboratory scale to everyday
practice is always a major challenge. That is certainly
the case for microorganisms that produce penicillin
in the bioreactor. ‘Such aqueous systems cannot
simply be scaled up in a linear fashion. Moreover,
the microorganisms respond to what they encounter
when moving through the reactor,’ explains Mudde.
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atomic mass: 40,078 / discovered by: Joseph Black

‘If they encounter too little oxygen they die and
contaminate the production. Or they might switch
to a different metabolism and consequently produce
a wrong product.’ Mudde can already model these
flows accurately. ‘The next step is to include the
behaviour of the microorganisms in the computer
simulations.’
Simulations
He uses his laptop to show various simulations of the
microorganisms’ behaviour in the bioreactor. ‘We let
the microorganisms go with the flow and simulate
them taking up oxygen and nutrients. Then we look at
the products they produce. If they reach a location with
too little oxygen we switch the computer simulation to
their alternative survival strategy. This gives us a better
understanding of the production process.’
Measuring every single aspect of a bioreactor is
impossible. ‘It would be like dissolving a sugar cube
in a swimming pool and trying to pinpoint exactly
where the sugar goes. Computer simulations,
however, produce information at a fine scale to
design a reactor with optimal working conditions for
the microorganisms.’
Collaboration
The project is a joint effort by four partners. DSM
and Delft University on the Dutch side. The Eastern
China University of Science and Technology (ECUST)
and the Shanghai Guojia Company for Biochemical
Engineering on the Chinese side. DSM aims to
build industrial bioreactors in China at a faster rate.
The Guojia company will supply the agitator and
naturally has an interest in the computational
framework that Delft will deliver.
Four parties from both science and industry, all
benefiting from the partnership: this is being
facilitated by the ’合 Hé Programme of Innovation
Cooperation’, developed by NWO Chemical
Sciences. R&D center head Yuan Yin from the DSM

Biotechnology Center in China appreciates the opportunity.
‘This research is vitally important for us because scaling up is
often a time-consuming and expensive process. Using computer
simulations will enable us to speed things up.’ DSM has longestablished good contacts with Delft University of Technology.
‘A matchmaking event of NWO Chemical Sciences inspired us to
collaborate in this specific project.’
Exchange
Clear communication is vital in such an international project.
‘We have regular videoconferences to discuss the progress of
the project’, says Yin. Additionally, there will be two live
meetings a year. For the PhD student and postdoc, 2-3 month
working placements abroad have been planned. Experimental
results will be shared among all parties. The results of the
research by Delft University will lead to evaluation in a laboratory
scale bioreactor in China. If this works well, upscaling to a
reactor of pilot scale will follow. These project phases will be
carried out by the Chinese partners.
Experimental data at both lab and pilot scale will become
available for guidance and validation. The computational
approach can then be used to study the effect of design choices.
Upscaling to industrial scale and the corresponding simulation
will be carried out by the Dutch partners. ‘This allows for a
design based on scientific data rather than on an engineering
approach’, explains Yin. DSM’s future industrial bioreactors will
give it a better environmental sustainability profile due to
minimized cost of goods, as well as a stronger position in the
market. ‘NWO Chemical Sciences brings the best of both
worlds, in the Netherlands and China, together.’

Flexible format for
international partnerships
The ’合 Hé Programme of Innovation Cooperation’ is an
example of an NWO programme for bilateral international
collaboration between scientists and industry. The aim is to
boost innovation in both participating countries. The
programme connects four parties: (1) R&D workers in a
company operating in The Netherlands and (2) in another
country; (3) a Dutch academic scientist, supported by NWO,
and (4) a scientist in another country, supported by his/her
public funding organisation.This creates a ‘double symmetry’
(see figure). Since each of the parties pays approximately onefourth of the costs in cash, this creates a win-win situation for
all involved. The format is flexible, and can be adjusted to the
needs of the parties. In chemical research, NWO is developing
similar programmes with Brazil, South Africa and India.
NL

Other Country

R&D funded
in Company

1

2

Publicly funded
Science

3

4
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atomic mass: 47,867 / discovered by: William Gregor

NURTURE CHEMICAL
TALENT AND
LET IT FLOURISH
How do you select the best
researchers? How do you
nurture their talent and allow
it to flourish? And how do you
retain them for Dutch science?
Dutch chemistry has several
tried and tested instruments for
this. It is using these to ensure
that the Netherlands remains
an attractive place for such
global top talent in the future.

atomic mass: 50,942 / discovered by: Andrés Manuel del Río and Nils Gabriel Sefström
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talent

Our research tradition
has a history of daring
to ask original
questions and
therefore frequently
setting up new lines of
research. With this
tradition you attract
the best and most
adventurous minds.

‘Unless the pipeline is
replenished, the discipline will
dry-out’, says Ineke Braakman.
She is professor of Cellular
Protein Chemistry at Utrecht
University, former board
member of NWO Chemical
Sciences and co-author of the
future vision for Dutch
chemistry and physics. In this
future vision it is emphasised
that a continuous supply of
young well-trained brains of
highly motivated individuals
who are able to take on the
challenge of both research and
education is needed if the
discipline is to remain alive and
well. And then preferably brains
of eminent quality of course.
You cannot conquer the world
with mediocrity.

Nurturing
excellence
When it comes to talent management,
Dutch chemistry has a reputation to live
up to. Chemistry teaching at universities
is of a good quality, indeed so good that
for chemical companies like Shell, Océ
and DSM the calibre of graduates is an
important reason for locating in the
Netherlands. Furthermore, there is often
considerable competition among
graduates for an academic career. Those
who want to pursue such a career do
PhD research and write a thesis. Theses in
the Netherlands must satisfy higher
requirements, for example, than those in
countries with an Anglo-Saxon academic
tradition. They are therefore a superb
instrument for assessing early on how
good PhD students are. Immediately after
obtaining their PhDs, aspiring researchers
can enter the Talent Programme of NWO
(see page 26). The successful programme
provides considerable freedom and
opportunities to the ideas of the very best
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atomic mass: 51,996 / discovered by: Louis Nicolas Vauquelin

scientists: Right from the bottom of the
pyramid to its peak. The Netherlands
therefore has an effective means of
finding and nurturing individual
excellence.

Worldwide
chemistry

The challenge for the future, however,
according to Ineke Braakman, will be
ensuring that the Netherlands remains
competitive in a chemistry sector that is
increasingly operating on a worldwide
basis. In Asian and Latin American
countries vast new pools of talent are
emerging. But can we attract the best
students, researchers and lecturers from
these pools to Dutch chemistry? Can we
entice Dutch researchers back who have
gone abroad as postdocs? Can we keep
scientists who have reached the peak of
their career in the Netherlands? NWO's
Talent Programme forms a sort of oasis
where talent can flourish. However,
researchers who fall outside of that
programme experience far more
difficulties. They must satisfy an awful lot
of different requirements at once due to
the dwindling funding of universities in
recent years. That is putting the position
of Dutch chemistry as an attractive
workplace under pressure.

Dutch science
faculty

Ineke Braakman calls for the different
Dutch science faculties to join forces. On
the new world market for talent they
should present themselves as a single
‘science faculty of the Netherlands’. ‘That
would enable us to compete with
Harvard, especially if we can successfully
retain Dutch chemistry's unique profile in
the future. Our chemistry research across
the full width is still of an excellent level.
Moreover, our research tradition has a
history of daring to ask original questions
and therefore frequently setting up new
lines of research. With this tradition you
attract the best and most adventurous
minds. We should therefore value such
people and use them as a trump card on

.Ineke Braakman. professor of Cellular Protein Chemistry at Utrecht University.

the world market. A second trump card
we have is that the Netherlands offers a
high quality of life, both professionally
and privately with its international
orientation, high standard of living, fresh
air, informal manners and short distances.
These factors also make us attractive for
researchers. “With us you don’t have to
learn Dutch and you don’t have to ride a
bike”, is what I once wrote under a job
advertisement. That was noticed and
struck a chord with many candidates.’

Wealth of informal
contacts

Not only are the distances between
different towns and universities in the
Netherlands short but also the distances
between universities and companies. The
chemistry community is relatively small, as

a result of which a wealth of informal
contacts between science and industry
exist. At least for those parts of chemistry
that have an industrial counterpart in the
Netherlands. The chemical industry is not
directly involved in selecting talent. Its
representatives do, however, discuss with
universities which requirements are made
in professional practice and should
therefore be covered during chemistry
courses. Some chemistry companies have
fundamental questions of interest to
science. NWO Chemical Sciences can
bring these companies into contact with
researchers and with the best research.
Companies benefit from scientific
infrastructure and from a concentration
of inspired, well-trained chemists. And
they can have every confidence that the
Dutch system will also let its talent peak
for them.

Companies benefit
from scientific
infrastructure and
from a concentration
of inspired, well
trained chemists.

atomic mass: 54,938 / discovered by: Johann Gottlieb Gahn

elements

25

Mn
Manganese

talent

Selecting the winners
The Netherlands has an open, national competition to enable research talent to realise its
full potential. Each year across the entire spectrum of science and at different career levels
the best 10 to 20% of researchers are selected. They receive a grant which gives them the
freedom to realise their research ideas and offers perspectives for a further career in science.
The Veni grant is for researchers who have just gained their PhDs, the Vidi for researchers
who have carried out several years of research after their PhD, and the Vici is for senior
researchers who have demonstrated the ability to develop their own line of research.
In recent years these grants have made different types of chemical research possible. Some
examples are:

Veni

Blossoming micro flowers

The ability to control shape, hierarchical assembly and material
composition in nano- and micro-architectures is essential for new
applications such as solid-state catalysis and optical devices. Wim
Noorduin (Radboud University Nijmegen) has developed an
approach to grow highly complex microscale biomineral flowers.
By changing conditions such as CO2 concentration or
temperature, the structures can be altered at will. With his
Veni grant from NWO Chemical Sciences awarded in 2013, he
will carry out further research to acquire a deeper understanding
of the formation of these structures and to determine their
optical qualities. These findings can then be implemented in
catalysis or other scientific fields.
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Vidi

Molecules which play with light
In 2010 Nathalie Katsonis (University of Twente) received a Vidi
grant from NWO Chemical Sciences for her research into superreflecting materials. Her field of research lies at the interface of
chemistry and physics; biomolecular nanotechnology. Nature
gives the example: in insect eyes and the shield of scarab
beetles, for instance, there are molecules that absorb light or
allow it through, dependent on the light intensity. The properties
of these natural materials have inspired Katsonis to develop new
smart materials that are more efficient, environmentally friendly
and cheaper than their predecessors. An example is heatrepelling windows. After her Vidi grant, Katsonis received an
ERC Starting Grant in 2012 and in 2013 a grant from the FOM
Projectruimte.

Vici

Darwinian evolution of molecules

The successful
programme provides
considerable freedom
and opportunities to
the ideas of the very
best scientists: right
form the bottom of the
pyramid to its peaks.

While biological systems may appear to be stable, their constituent
molecules are constantly being formed and degraded. Hence,
biological systems are far from equilibrium and dissipate energy. An
NWO Vici grant awarded in 2013 is enabling Sybren Otto (University
of Groningen) and his group to develop similar dissipative molecular
networks made from fully synthetic molecules. The main focus is on
autocatalytic molecules: molecules that are capable of replicating
themselves. Operating self-replication far from equilibrium in a
regime that allows for mutation of the replicators should enable
these systems to undergo Darwinian evolution. Success in this area
would constitute an important step towards generating life de-novo.

atomic mass: 58,993 / discovered by: Georg Brandt
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Interdisciplinary
molecular
top research
success story

At the start of 2013, the Cancer Genomics Centre Netherlands and the

Research Centre for Functional Molecular Systems received respectively 30,7
and 27 million euros of funding for the next ten years. This grant is part of

NWO's Gravitation programme, funded by the Ministry of Education, Culture
and Science. With this funding groundbreaking innovations can be realised.

Major scientific
challenges require
several disciplines
and a considerable
lever of funding,
like the Gravitation
programme.
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The innovations of the Research Centre
for Functional Molecular Systems could
lead to nanomotors, novel materials
and artificial tissues, for example. The
researchers involved therefore want to
thoroughly understand and control the
self-assembly and self-organisation
of various molecules and then build
molecular systems themselves. That
will open up an entirely new world of
chemistry: a world in which materials
constantly adapt to their local environment
just like they do in the body.
‘During the first few months we spent a
lot of time discussing the scientific content
of the four research programmes’, says
Bert Meijer explaining the progress within
the Research Centre for Functional
Molecular Systems. He is professor of
Organic Chemistry (Eindhoven University
of Technology) and principal applicant on

atomic mass: 58,693 / discovered by: Axel Cronstedt

behalf of the consortium in which research
groups from Radboud University Nijmegen
and University of Groningen also
participate. ‘The Gravitation grant forms
an enormous drive to create the necessary
synergy between the different research
groups and institutes.’

Smart drugs

The Cancer Genomics Centre Netherlands
wants to give cancer patients better
prospects. This consortium of 26 research
groups from Amsterdam, Utrecht,
Rotterdam, Leiden and Nijmegen aims
to develop a wider range of anti-cancer
treatments. Based on the genetic profile
of tumours, the researchers want to
be able to determine the optimal
combination of drugs and then test these
in clinical trials. With these efforts they

.professor Roland Kanaar (Erasmus MC).

expect to contribute to an improved life
expectancy and higher quality of life for
cancer patients.
‘Three-quarters of cancer patients do not
respond to the current treatment
methods for metastased cancer’,
emphasises professor of Molecular
Radiogenetics (Erasmus MC) Roland
Kanaar. ‘Thanks to recent scientific
breakthroughs, such as the complete
mapping of the human genome, we will
be able to develop smart drugs over the
next few years that very specifically knock
out tumours while leaving the healthy
tissue as unscathed as possible. An
important development, as the number
of cancer cases is expected to increase
considerably over the next few decades
due to the ageing population.’

Synergy

Both professors view the awarding of the
grant as a major recognition for the
hundreds of researchers involved through
the virtual centres. Meijer: ‘Over the past
20 years, Dutch universities have built up

an international top position in
supramolecular chemistry. When the
Ministry of Education, Culture and
Science and NWO launched the
Gravitation programme, researchers from
the three universities involved got
together: by realising the synergy
between the research groups we can
make the necessary step forwards. The
steps needed to construct systems of
molecules are so complex that several
groups need to work on these at the
same time. We therefore use the
knowledge from different disciplines such
as chemistry, physics and mathematics.’

Complementary
expertise

Roland Kanaar also emphasises the
importance of complementary expertise.
‘The principal applicants from the project
meet regularly and are responsible for the
selection of and collaboration between
the best specialists from different
disciplines. These are fundamental

Gravitation programma
encourages excellent
scientific research
NWO's Gravitation programme
(Zwaartekracht in Dutch) encourages
consortia with an excellent scientific research
programme. In 2013, six research consortia
from different Dutch universities received a
total of 167 million euros. With that they
can set up excellent scientific research
programmes for a period of ten years. The
funding is intended for highly ambitious
reserach programmes that have the
potential to bring about international
breakthroughs.
The Cancer Genomics Centre of Roland
Kanaar and colleagues (principal investigator
René Bernards) received 30.7 million euros.
The Research Centre for Functional
Molecular Systems of Bert Meijer and
colleagues received 26.9 million euros. The
third chemistry-related consortium of Leiden
University and Delft University of Technology,
Frontiers of Nanoscience (NanoFront),
received 35.9 million euros. The other three
consortia focus on the brain, physics and
language. More information:
www.nwo.nl/zwaartekracht

atomic mass: 63,546 / discovered in ancient history
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.professor Bert Meijer (TU/e).

researchers who understand how proteins
in cells interact with DNA, specialists who
have a lot of experience with tumour
research as well as treating physicians in
hospitals. Together we represent different
disciplines ranging from structural
biologists to biochemists and molecular
cell biologists.’

Without constraints

The major advantage of the Gravitation
programme over short-term programmes
is its 10-year duration. Meijer: ‘It is
therefore a fantastic basic funding for
scientific research that you want to solve
without constraints. Gravitation
guarantees the basis for the research
over a longer period of time.’

Kanaar: ‘Short-term programmes ensure
that individual researchers acquire a
certain continuity in their research. At the
same time they provide little financial
opportunity to set up large-scale
collaboration. Major scientific challenges
require several disciplines and a
considerable level of funding, which is
possible with programmes like Gravitation.’

Considerable interest
from industry

According to both professors industry is
particularly interested in the results.
Meijer: ‘There is an enormous interest as
the number of conceivable applications
for molecular systems through self-

This funding can be a good step towards a
further consolidation of top scientists in
a single centre of expertise with the very best
infrastructure.
30

Zn
Zinc

elements

atomic mass: 65,38 / discovered in ancient history

assembly is so vast. Examples are the
development of novel materials to store
solar energy or artificial tissue for new
therapies.’
Kanaar's research is also enjoying
considerable interest from industry. ‘It
could lead to the development of new
diagnostic tests to detect cancer at an
early stage. Or to the development of
new targeted drugs to specifically control
cancer tumours.’

Centres of expertise

Meijer and Kanaar know that their
research attracts top students and PhDs
from around the world. Meijer: ‘We are
an international leader. This funding can
be a good step towards a further
consolidation of top scientists in a single
centre of expertise with the very best
infrastructure. As a result of that we will
be able to attract even more top
researchers still, on par with a renowned
university such as Harvard.’

challenges

Self-assembly
of complex
molecular
systems
It is one of the most puzzling
phenomena in nature: single molecules
assemble themselves to form a wide
range of complex compounds.
Polymers, rings, helices and even
membranes and vesicles: given the
right circumstances, they will form
spontaneously. Scientists are
unravelling the chemical forces behind
this phenomenon, hoping to influence,
control and even mimic it to develop
new functional materials. Ilja Voets is
one of them; she is a researcher at the
Institute for Complex Molecular
Systems at Eindhoven University of
Technology. ‘Since 2011, we have been
studying antifreeze proteins that
prevent certain fish and other species
from freezing to death’, she says.
‘Recently, we discovered that their selfassembly into small oligomers is critical
to control their activity. Utilizing these
insights, we now hope to design
synthetic soft materials that
outperform the naturally occurring
proteins that they mimic.’
L.C. Olijve, T. Sun, T. Narayanan, C. J. Peter
L. Davies, I.K. Voets, Solution structure of
hyperactive type I antifreeze Protein, RSC Advances,
2013, 3, 5903

.The vital impact.
.of atomic control.
The properties of all materials are determined by their atomic
composition and atomic structure. But how exactly can we explain
this relationship? If we know this, we may be able to design and
make novel materials, building them up from the atomic level.
Beatriz Noheda, professor of Functional Nanomaterials at the
University of Groningen, is an expert at that.
She studies the atomic structure of socalled ferroelectric and piezoelectric
materials: materials with very specific
electrical properties. These are used in
multiple applications ranging from shock
detectors (e.g. in airbags) to alarm
buzzers, fuel injectors, and vibration
dampers. ‘We are developing novel
ferroelectric materials that are smaller,
lighter and produce larger responses than
existing materials’, she says. ‘When, in
addition, we manage to make them out
of abundant and non-toxic chemical
elements, they could be placed
everywhere and be used to harvest
energy and produce electricity from
movement or vibrations.’ Applications
include powering of sensors, LED lamps
or other low-power electronics, using the

mechanical energy generated by people’s
footsteps, cars, trains or machinery –
energy that would otherwise be lost.
Noheda: ‘These materials cannot be
synthesized by standard chemistry routes
and are created atom-by-atom, at very
high energies under vacuum conditions,
with unprecedented control at the
nanoscale.’ This also results in a deeper
fundamental knowledge of the
mechanisms that lead to their remarkable
electric responses.
G. Catalan, A. Lubk, A.H.G. Vlooswijk, E. Snoeck,
C. Magen, A. Janssens, G. Rispens, G. Rijnders,
D.H.A. Blank and B. Noheda, Flexoelectric rotation of
polarization in ferroelectric thin films, Nature Materials,
2011, 10, 963–967

atomic mass: 69,723 / discovered by: Paul Emile Lecoq de Boisbaudran
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.Materials that.
.heal themselves.
Even the strongest materials are subject to
wear and tear. What starts out as microscopic
cracks may result in actual breakage –
affecting the safety of for instance houses,
roads, bridges and airplanes. Wouldn’t it be
perfect if these materials could heal
themselves, much like human skin and bone?
When we started the research on self-healing materials in Delft
in 2004, it seemed like science fiction’, says Sybrand van der
Zwaag, professor of Novel Aerospace Materials at TU Delft.
‘We have created successful prototypes for self-healing
materials’, he continues. ‘These are particularly relevant for all
applications where reliability is important (e.g. turbine engines
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for aeroplanes), where damage is hard to repair (e.g. tunnels or
underground parking garages), where an always shiny
appearance is valued (e.g car-coatings) or where repairs are
disruptive to society (e.g. on motorways). The new research, he
adds, even aims to develop self-healing artificial cartilage for
application in the human body. Many elderly people and
people with sports injuries suffer from damaged knee cartilage,
which can cause significant pain and disability. Natural cartilage
does not heal by itself, and ‘regular’ artificial cartilage, made
for instance from polymers, is not a long-term solution as this
will quickly wear away. Self-healing artificial cartilage would
therefore be an attractive option.
S. van der Zwaag, N.H. van Dijk, H.M. Jonkers, S.D. Mookhoek, W.G. Sloof, Selfhealing behaviour in man-made engineering materials: bioinspired but taking into
account their intrinsic character, Philos. Trans. A. Math. Phys. Eng. Sci., 2009, 367
(1894), 1689-1704

atomic mass: 72,59 / discovered by: Clemens Alexander Winkler
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Building organs-ona-chip

Chips are no longer used just in computers. They also
provide perfect platforms for studying living systems.
Biological cells can be grown in tiny liquid-filled
chambers that are connected by microchannels. This
miniature set-up mimics living tissue, or even entire
organs, and allows scientists to follow the cells closely
with various advanced techniques.

Building ‘living’
structures

It sounds like science fiction: making biological building
blocks in the lab, and then assembling those into
functional ‘living’ structures. It is indeed possible – it is
the realm of synthetic biology.
The aim is to engineer individual components into modular
units that interact with each other, and unite them into a
functioning synthetic cell. This will allow scientists to unravel
the principles of life processes and has enormous
opportunities for applications in health and biotechnology.
‘We have made great progress in the chemical and physical
understanding of biomolecules and their mutual interactions
within a cell’, says Bert Poolman, professor of Biochemistry
and programme director of the Centre for Synthetic Biology
in Groningen. ‘We can now accurately determine the
position and dynamics of individual molecules. And we can
combine natural and synthetic components to make
biohybrid systems, such as vesicles for targeted and
controlled drug delivery.’ Now is the time, as Poolman
concludes, to make the next step: synthesizing a cell that
grows and replicates autonomously and carries out functions
‘on demand’.
A.C. Meinema, J.K. Laba, R.A. Hapsari, R. Otten, F.A.A. Mulder, A. Kralt,
G. van den Bogaart, C.P. Lusk, B. Poolman, L.M. and Veenhoff,
Long Unfolded Linkers Facilitate Membrane Protein Import Through the
Nuclear Pore Complex, Science, 2011, 333, 90-93

Scientists can now study how cells behave naturally and
how they react to various drugs – in a way that is better
controlled and easier to monitor than inside a living
organism. Albert van den Berg, professor and group leader
of the BIOS Lab-on-a-Chip group at MESA+, University of
Twente: ‘Our research aims at providing simple technologies
that can be used by pharmaceutical researchers to study
effects of drugs on human tissues. Blood vessels, for
instance, can be grown on chip, which allows us to
investigate the effects of drugs on blood clotting.’ As such,
organs on a chip provide better disease models than
conventional animal tests. ‘Eventually we hope to
substantially reduce the use of animal tests while strongly
improving the predictive power and value of in-vitro tests.’

A. Karasawa, L.J. Swier, M.C. Stuart, J. Brouwers, B. Helms, B. Poolman,
Physicochemical factors controlling the activity and energy coupling of an
ionic strength-gated ABC transporter, J. Biol. Chem., 2013, epub

E. Westein, A.D. van der Meer, M.J.E. Kuipers, J.P. Frimat, A. van den Berg
and J.W.M. Heemskerk, Atherosclerotic geometries exacerbate pathological
thrombus formation poststenosis in a von Willebrand factor-dependent
manner, PNAS, 2013, 110(4), 1357-1362

atomic mass: 74,922 / discovered by: Albertus Magnus
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success story

Fundamental
research with
an eye for
practical reality
A sustainable society is what
motivates University of Utrecht
professor Bert Weckhuysen. With his
research group he studies catalysts for
new, cleaner and more efficient
processes. Eminent academic
research and industrial relevance at
the same time? ‘It's simply a matter of
good agreements.’
Weckhuysen (45) received one of the three NWO
Spinoza Prizes 2013. He enjoys worldwide fame for his
research into how catalysts work. Catalysts are indispensable for
the chemical conversion of raw materials such as crude oil and
biomass, into fuels, fertilisers and building blocks for medicines,
among many other things.
What makes Weckhuysen's research special is that
he studies active catalysts. ‘We observe them ‘live’ and
under industrially relevant conditions, such as high temperature
and pressure’, says the professor who originates from Belgium.
‘During these observations we zoom in on the microscopically
small catalyst particles and on the individual molecules or groups
of these. And recently we have also started investigating
catalysts at the scale of small trial reactors.’
That is fundamental research but with an eye for the
practical reality. Because Weckhuysen wants to achieve
something. ‘With better catalysts we can make chemical
processes more efficient and cleaner. And new catalysts also
bring new chemical conversions within reach. For example,
being able to use biomass as a source for fuels and chemicals.’
Solar fuels are another new line of research. Here the idea is to
use sunlight to convert CO2 and water into simple, useful
molecules such as methanol. ‘Catalysts are indispensable for
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this, and we now need to considerably improve the efficiency of
such processes.’
Weckhuysen clearly profiles himself outside of the
academic world. For example, he is a member of the top
team of the Top Sector Chemistry. ‘I think it is important to
mean something for society’, he says. ‘Of course you already do
that as a professor because you are training young people.
However, we increasingly need to justify what we do to the
taxpayer. I want to demonstrate that scientific research is not
only interesting and important but that it has a real significance
as well.’
For catalysis that significance lies mainly in
industrial applications. Yet this does not mean that
Weckhuysen thinks his research must always be
useful straightaway. ‘I want to acquire new insights and to
develop the methods necessary for this. That is work with a
long-term perspective.’ Collaboration with chemical companies
helps him to formulate the correct research questions. Then the
companies can benefit from the answers and are in a position to
improve or renew the processes. ‘It's simply a matter of dividing
the responsibilities correctly. If you make good agreements you
create a win-win situation with relevance for industrial partners
as well as publications in top scientific journals.’

atomic mass: 78,96 / discovered by: Jons Jakob Berzelius and Johan Gottlieb Gahn
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Jan Hoeijmakers

Jan Hoeijmakers is professor of Molecular Genetics at Erasmus
Medical Center and investigates how DNA repairs itself. With
this he hopes to realise breakthroughs that will have an impact
on preventing and curing cancer and on ageing-associated
diseases such as Alzheimer's and cardiovascular diseases.
Hoeijmakers has received various prestigious awards, including
the NWO Spinoza Prize and an ERC Advanced Grant.

Grandparents

Your job is
our future

‘We can solve the puzzle of
ageing thanks to children
with rare neurological
disorders. We have learned
a lot from their syndromes
and, in turn, I really hope
that my research will give
them a better future. We are
doing it for them!’

Secrets
of life

Dream

‘Now, more than ever I am
optimistic about the
possibilities to facilitate the
process of healthy ageing. In
mice we can already delay
the ageing process. I expect
that in a few years time this
will also be possible for
people. That will be a dream
come true.’

‘Even as a young child, I was
fascinated by the secrets of
life, disease and ageing. We
lived close to my grandparents
who had eighteen
grandchildren and my great
grandmother, a bent and
wrinkled little lady, lived
in their house as well.
I wondered: will my parents
also become like that one day?
And will the same thing
happen to me later?’

Top Sectors

‘If scientific research is ready for the market then
you need people from industry. We therefore
work together with the pharmaceutical industry
and we have also set up our own company:
AgenD. But in the phases prior to this, scientists
must be free. A forced marriage does not work.’

atomic mass: 79,904 / discovered by: Carl Jacob Löwig
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atomic mass: 83,80 / discovered by: Morris William Travers and William Ramsay

