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Sparkling
Materials have shaped the world in which we live. Periods of earths 
existence have been named after the materials that enabled revolutionary 
steps of human evolution, like e.g. stone age or bronze age. Today, new 
materials are transforming the medical and manufacturing industries, 
achieve totally new functionality, and help to make the world more 
sustainable, as you can read on the following pages. But what motivates 
people to manipulate materials at the atomic scale or transform waste 
from food industry into novel polymers?  In the weeks before Christmas, 
the Zernike Institute ran an Advent Calendar talking to 22 technicians, 
postdocs and PhD students on their work and their motivations. The 
result is a fascinating and diverse compendium of people burning for 
their work. The entry for 24 Dec. lists a set of 30 publications of the 
year 2021, brought forward in reply to what our researchers found a 
great new result and why. Part of these highlights appear again in this 
issue, and show that the best results come forward when combining very 
diverse contributions and talents. A sparkling view on what you can 
learn when entering yet unavailable length scales, assemble materials 
in newly ordered structures, or get behind the theoretical foundation of 
functionality. And there is more sparkling work within the Groningen 
Research Institute of Pharmacy, Engineering and Technology Institute 
Groningen, Groningen Biomolecular Sciences and Biotechnology 
Institute, Stratingh Institute for Chemistry and the Zernike Institute who 
altogether shape Advanced Materials research in Groningen. And 
who knows, maybe one of the materials studied today makes history 

tomorrow. Maybe it is yours. Stay sparkling and have a nice read. 

Caspar van der Wal
Scientific director Zernike Institute 
for Advanced Materials

Gerard Roelfes
Director of the Stratingh 
Institute for Chemistry

Erik Heeres
Director of the Engineering and 
Technology Institute Groningen

http://www.rug.nl/zernike
mailto:zernike%40rug.nl?subject=
https://www.rug.nl/research/zernike/advent2021/
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process, with building blocks 
attaching and releasing.’

Single molecule fluorescence is also 
used to study viruses, for example 
the attachment of viral proteins to 
DNA. ‘Using optical tweezers, we 
hold two tiny beads on either end 
of a DNA molecule. When viral 
proteins bind to the DNA, this will 
coil up and bring the two beads 
closer together. This is visualized 
by fluorescent markers attached to 
the beads.’ Alternatively, proteins 
with fluorescent markers can be 

Dynamics of self-assembly of a viral protein structure. The white hexagon marks 
the position where a hexamer at the edge of the growing lattice gradually forms 
from the single viral protein subunits.  |  By Wouter Roos

observed while they attach to 
viral DNA or to other proteins. 
A third technology is to use an 
optical microscope to measure 
interference of light that is scattered 
by virus particles. These patterns 
reveal the structure of the particles 
during assembly.

Toughen up
Other steps in the virus cycle can 
also be studied. ‘After they have 
self-assembled, particles need to 
toughen up to withstand conditions 

outside the host cell,’ says Roos. 
Other modifications also 
occur, which prepare the 
particles to infect other 
cells. The dynamics of 
this maturation process 
are important for our 
understanding of how 
viruses work. ‘And after 
infecting new cells, the 
virus particle has to 
come apart to release 
its genetic material.’

New technology is now 

Understanding 
how the 

adenovirus 
falls apart 
could help 
to create 

more stable 
vaccines.

revealing the physical dynamics 
of viruses. It allows scientists such 
as Roos and his colleagues to 
study how genetic material is 
incorporated and which physical 
principles guide this process. 
Most antiviral drugs disrupt the 
first steps in infection, such as the 
binding of virus particles to their 
host cells. Using this new dynamic 
information, we could develop 
drugs that block self-assembly 
or other important steps in the 
reproductive cycle of the virus.

Nanotechnology
Insight into the physics of virus 
par ticles is also impor tant 
for their use in research, for 
example as building blocks in 
nanotechnology or as carriers for 
antigens in vaccines. Several of the 
leading COVID-19 vaccines use 
adenoviruses to deliver the gene for 
the SARS-CoV-2 spike protein to 
cells, which then express this gene 
and consequently generate an 
immune response. ‘Understanding 
how the adenovirus comes together 
and falls apart could help to create 
more stable vaccines.’

Zernike 

Physical virology shows 
the dynamics of virus 
reproduction

Physics has 
been used for 
a long time to 
study viruses.

The laws of 
physics govern 

important 
events in their 
reproductive 

cycle.

The reproductive cycle of viruses requires self-assembly, 
maturation of virus particles and, after infection, the 
release of genetic material into a host cell. New physics-
based technologies allow scientists to study the dynamics 
of this cycle and may eventually lead to new treatments. 
In his role as physical virologist, Wouter Roos, a physicist 
at the University of Groningen, together with two longtime 
colleagues, has written a review article on these new 
technologies, which was published in Nature Reviews 
Physics on 12 January.

By René Fransen (ScienceLinX)

Energy
In 2010, he first published a 
review article on the physics 
aspects of virology with two of 
his colleagues. ‘Back then, almost 
all of the research on viruses was 
relatively static, for example 
exerting pressure on a virus 
particle to see how it responded.’ 
At that time, studies on dynamic 
processes, such as self-assembly, 
were performed in bulk, without 
the option to zoom in on individual 
particles. ‘This has changed over 
the last couple of years and 
therefore, we thought it was time 
for another review.’ This paper, 
‘Physics of Viral Dynamics’, was 

co-authored by Robijn Bruinsma 
from the University of California 
in Los Angeles (USA) and Gijs 
Wuite from VU Amsterdam (the 
Netherlands).

Viruses hijack cells and force them 
to make the protein building blocks 
for new virus particles and to copy 
their genetic material (either RNA 
or DNA). This results in a cellular 
soup full of virus parts, which self-
assemble to produce particles of 
encapsulated RNA or DNA. ‘No 
external energy is required for this 
process. And even in vitro, most 
viruses will self-assemble quickly.’ 
This process was traditionally 
studied in bulk material, averaging 
out the behaviour of large numbers 

of virus particles. ‘So, we had no 
idea of the variance in the assembly 
of individual particles.’

Sub-second scans
Over  the  las t  few years , 
technologies have been developed 
to study these individual particles 
in real time. One of those is fast 
Atomic Force Microscopy (AFM). 
An atomic force microscope scans 
surfaces with an atom-sized tip 
and is therefore able to map 
their topology. ‘Recently, the 
scanning speed of AFM increased 
dramatically and now we can 
carry out sub-second scans of 
surfaces that measure less than 
1 micrometre squared using High 
Speed AFM,’ says Roos, who uses 
an AFM himself. ‘This allows us to 
see how virus subunits assemble 
on a surface. It is a very dynamic 

Zernike 
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convinced that if there was one 
place where switching of hafnium 
could be visualized in situ at an 
atomic scale, it would be here 
at the ZIAM electron microscopy 
centre. It benefits from a unique 
combination of the right expertise in 
materials science, microscopy and 
infrastructure,’ Noheda explains.
The proper protocols for building 

hafnium-based electron-transparent 
capacitors using focused ion beam 
facility were developed by Ahmadi 
and Nukala. ‘We imaged the 
atomic lattice of hafnium-zirconium 
oxide between two electrodes, 
including the light oxygen atoms,’ 
Nukala explains. ‘People believed 
that oxygen atom displacement in 
hafnium gives rise to polarization. 
So, any microscopy would only 
make sense if oxygen could be 
imaged and we had the exact 
tool for that. Then we applied an 
external voltage to the capacitor 
and watched the atomic changes 
in real time.’ Such an in situ 
experiment with direct imaging 
of oxygen atoms inside the electron 
microscope had never been done.

Migration
‘A significant feature that we 
observed is that the oxygen atoms 
move,’ explains Nukala. ‘They are 
charged and migrate following the 
electric field between the electrodes 
through the hafnium layer. Such a 
reversible charge transport enables 
ferroelectricity.’ Noheda adds: 
‘This was a big surprise.’ There is 
indeed also a small shift in atomic 
positions at the picometre scale 
inside the unit cells but the overall 
effect of the oxygen migration from 
one side to the other side on the 
device response is much larger. 
This discovery paves the way for 
new materials that could be used 
for nanometre-sized storage and 
logic devices. ‘Hafnium-based 
ferroelectric memories are already 
in production, even though the 
mechanism behind their behaviour 
was unknown,’ says Nukala. 
‘We have now opened up the 
road towards a new generation 
of oxygen-conducting, silicon-
compatible ferroelectric materials.’
Noheda, who is the director 

of CogniGron, the Groningen 
Cognitive Systems and Materials 
Center, which develops new 
materials for cognitive computing, 
can see interesting applications 
for the new type of ferroelectric 
materials. ‘Oxygen migration is 
much slower than dipole switching. 
In memory systems that could 
emulate the short-term and the 
long-term memory of brain cells, 
material scientists currently try to 
make hybrid systems from different 
materials to combine these two 
mechanisms. ‘We can now do 
it in the same material. And by 
controlling oxygen movement, we 
could create intermediate states, 
again, like you find in neurons.’

Defects
Nukala, who is now an Assistant 
Professor at the Indian Institute 
of Science, is also interested in 
exploring the piezoelectric or 
electromechanical properties of 
the material. ‘All conventional 
ferroelectrics are also piezoelectric. 
What about these new non-toxic, 
silicon-friendly ferroelectrics? 
There is an opportunity here 
to explore their potential in 
microelectromechanical systems.’
In the end, the properties of 
this new material stem from 
imperfections. ‘The oxygen can 
only travel because there are 
oxygen vacancies inside the crystal 
structure,’ says Nukala. ‘In fact, you 
could also describe what happens 
as a migration of these vacancies. 
These structural defects are the key 
to the ferroelectric behaviour and, 
in general, give materials novel 
properties.’

Electron microscope images, in 
the top panel a sample with a lot 
of oxygen atoms (some indicated 
with arrows), in the bottom panel 
a sample with many oxygen 
vacancies (some indicated with 
arrows). The schematic illustration 
shows movement of oxygen atoms 
and oxygen vacancies for two 
settings of the electric field over 
the capacitor. |
Adapted from illustration 
by Pavan Nukala

Zernike 

Oxygen migration 
enables ferroelectricity

on nanoscale 
Hafnium-based thin films, with a thickness of only a few nanometres, show an unconventional 
form of ferroelectricity. This allows the construction of nanometre-sized memories or logic 
devices. However, it was not clear how ferroelectricity could occur at this scale. A study 
that was led by scientists from the University of Groningen showed how atoms move in a 
hafnium-based capacitor: migrating oxygen atoms (or vacancies) are responsible for the 
observed switching and storage of charge. The results, which were published online by the 
journal Science on 15 April, point the way to new ferroelectric materials.

By René Fransen (ScienceLinX)

Ferroelectric materials exhibit 
spontaneous polarization, which 
can be reversed or switched 
using an electric field. It is used 
in non-volatile memories or the 
construction of logic devices. One 
drawback of these materials is 
that when the size of the crystals is 
reduced to below a certain limit, 
the ferroelectric properties are lost. 
However, some years ago, it was 
suggested that hafnium-based 
oxides could exhibit ferroelectricity 
at nanoscale dimensions.

Microscope
In 2018, a team led by Beatriz 
Noheda, Professor of Functional 
Nanomaterials at the University 
of Groningen, confirmed these 
special properties of hafnium 

oxides. ‘However, we didn’t know 
exactly how this ferroelectricity 
occurred,’ she says. ‘We knew 
that the mechanism in these 
hafnium-based thin membranes is 
different. As ferroelectric switching 
is something that occurs at an 
atomic scale, we decided to study 
how the atomic structure of this 
material responds to an electric 
field, both using the powerful x-ray 
source at the MAX-IV synchrotron 
in Lund and our formidable electron 
microscope in Groningen.’
The University houses a state-of-
the-art electron microscope at the 
electron microscopy centre of the 
Zernike Institute for Advanced 
Materials, with which the group of 
Bart Kooi, co-author of the Science 
paper, successfully imaged the 
lightest atoms in the periodic table 

– hydrogen – for the first time in 
2020. This is where first author 
Pavan Nukala comes in. He worked 
as a Marie Curie Research Fellow 
at the University of Groningen and 
had a background in electron 
microscopy and materials science, 
especially in these ferroelectric 
hafnium systems.

Oxygen
However, if the preparation of a 
sample for the imaging of atoms 
is tricky, then the need to apply 
an electric field across a device 
in situ increases the difficulty by 
several orders of magnitude. 
Luckily, at around the same 
time, Majid Ahmadi (a master 
in in situ experiments) joined 
Kooi’s group. ‘All of us were quite 

M. Ahmadi P. Nukala

Zernike 
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When it became clear that this topic was going to be an important new 
part of chemistry, Otto also started to focus on increasing the coherence 
of this field of research. “In order to let this field develop properly, it is 
important that different people from different backgrounds identify with 
it. EU networks and conferences are important instruments to achieve this 
goal and I have therefore made an effort to lead and (co-)organize these 
networks and meetings”. This concerns the so-called COST networks – with 
around 95 affiliated research groups –, Marie Curie training networks 
and conferences.

Physical Organic Chemistry vs Systems Chemistry
The prize of the ACS is for the field of physical organic chemistry. “In 
both physical organic chemistry and systems chemistry, the challenge is 
to clarify the underlying processes and mechanisms, in other words to 
better understand the how and why behind processes”, says Otto. He also 
indicates that systems chemistry offers a completely new playing field for 
physical organic chemists. “And a background in physical organic chemistry 
(Otto once obtained his PhD in this field) is an excellent preparation for 

Greenification of the 
chemical industry 
one step closer by the 
extension of ARC CBBC

ARC CBBC directly connects top 
scientists in the chemical field in the 
Netherlands with the researchers 
of the affiliated companies and 
vice versa. Not only the research 
facilities of the universities are used, 
but also those of the companies 
involved are available. This shows 
that ARC CBBC is a partnership 
with enormous potential in the 
field of sustainability.

Over the past five years, research 
has already led to breakthroughs in 

the energy, material and feedstock 
transition. Such as smart processes 
for CO2 conversion and the use 
of biomass to make existing and 
new materials, such as coatings.

In the past period, joint investments 
have been made in a unique 
research infrastructure in the 
Netherlands that also distinguishes 
itself internationally. More than 
59 top researchers, are now 
working within this program to 
make chemistry greener with room 

for 21 more research positions. 
This has already resulted in several 
patent applications and numerous 
publications in leading scientific 
journals.

Nobel Prize winner Ben Feringa, 
Spinoza Prize winner Ber t 
Weckhuysen and top scientists 
such as Hans Kuipers stood at 
the cradle of the consortium. From 
the industry Shell, AkzoNobel and 
BASF S have committed themselves 
from the beginning to this important 
initiative with a shared ambition. 
According to the companies, long-
term cooperation is of decisive 
importance to be a solution that 
really contributes to the Dutch and 
European sustainability goals.

ARC CBBC is looking for partners 
who want to strengthen the research 
program to increase its impact 
nationally and internationally.

Scientific director Bert Weckhuysen: 
“We are proud of the results 
achieved so far and pleased 
that the partners have committed 
themselves again for another 
five years. Only together will we 
make a difference. This is already 
evident. Full of energy, we are 
focusing on the next five years in 
which we want to invest further to 
become the best-in-class science 
infrastructure in Europe with an 
important pioneering role in the field 
of greenification and circularity.

As we are an open partnership, 
we are looking for even more 
cooperation with other parties.”

This year, the consortium was 
evaluated by an independent 
committee set up by the Dutch 
Research Council (NWO). This 
commission has once again 
underlined the potential of ARC 
CBBC and its great importance in a 
report. According to the committee, 
“the unique lab infrastructure, the 
profound collaboration between 
scientists and industry, the top 
scientists, the talent program for 
young researchers and the design of 
the multilateral research programs 
are key elements for innovation 
in the field of green chemistry.”

Renewable energy and sustainable materials, such as coatings 
and catalysts, are one step closer now that the collaborating 
parties in the Advanced Research Center Chemical Building 
Blocks Consortium (ARC CBBC) will once again collaborate for 
five years on making the chemical industry more sustainable. 
AkzoNobel, BASF and Shell, together with the universities of 
Eindhoven, Groningen and Utrecht, are investing in developing 
a large international ecosystem in the field of research and 
development of green chemistry. The consortium has been 
supported from the start in 2016 by NWO (Dutch Research 
Council) and the Ministry of Economic Affairs and Climate 
in the Netherlands. As an open ecosystem the consortium is 
in search of extending cooperation with other national and 
international parties.

Stratingh

Sijbren Otto receives 
James Flack Norris 
Award in Physical 
Organic Chemistry
Prof. Sijbren Otto of the Stratingh Institute for Chemistry has been awarded the James 
Flack Norris Award in Physical Organic Chemistry of the American Chemical Society. 
He receives the award for his leading contribution to establishing the field of systems 
chemistry. The American Chemical Society is the number 1 chemical society in the world. 
The prize consists of a cash prize of $5,000 and a certificate.

This was announced in the 
September 27 issue of Chemical 
& Engineering News (C&EN). 
Besides Sijbren Otto, Ben Feringa 
is the only Dutch scientist that has 
received this award (in 2007).

James Flack 
Norris Award
The purpose of the James Flack 
Norris Award is to encourage and 
reward outstanding contributions 
to physical organic chemistry. The 

award was established in 1963 by 
the American Chemistry Society 
in commemoration of James Flack 
Norris, an American chemist. The 
official award ceremony will follow 
in March 2022 in San Diego, USA.

Self-replicating 
molecules
Sijbren Otto is Professor of Systems 
Chemistry. He studies ‘chemical 
evolution’. His research group 
developed a model system of 
molecules that can make copies 

of themselves, and showed that 
diversity can also occur as a result 
of the mutation of replicators.

Otto and his group had been 
doing research for some time using 
complex mixtures of molecules in 
search of specific molecules with 
certain properties. He realized that 
many interesting things happen 
in those mixtures and started to 
focus more and more on the system 
as a whole.

New, non-traditional 
approach
This approach breaks with the 
traditional way of thinking within 
chemistry. But according to Otto, 
it is precisely in the behavior of 
mixtures that answers can be found 
to important scientific questions 
such as the origin of life. “When 
we also discovered self-replicating 
molecules in those mixtures, things 
changed completely and we, as 
one of the first groups in the world, 
fully focused on system chemistry”.

Artist impression of a stack of self-replicating molecules. This stack 
orchestrates the formation of more of the rings that make up the stacks.

Stratingh
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Polymer 
chemists 

strive to link 
molecular 
structures 
to material 

properties and 
applications. 

Our hybrid 
research 

team has the 
experience to 

do just that.

The new vitrimer membrane is made by pressing and sintering of 
polymers from the natural monomer malic acid. This membrane 
can be recycled by ball milling and subsequent pressing and 
sintering. | Illustration: Chongnan Ye, University of Groningen

more water is present than oil, 
which means that the membrane is 
covered by water that can then pass 
through the pores. Voet: ‘The water 
film on the membrane’s surface 
keeps the oil out of the pores, so 
that it is separated from the water.’
The membrane is firm enough to 
filter oil from the water. When sand 
and algae clog up the pores, the 

membrane can be depolymerized 
and recreated from the building 
blocks after removal of the 
pollutants. ‘We have tested this 
on a laboratory scale of a few 
square centimetres,’ says Loos. ‘And 
we are confident that our methods 
are scalable, both for the polymer 
synthesis and for the production 
and recycling of the membrane.’ 

The scientists are hoping that an 
industrial partner will take up the 
further development.

Applications
Creating this new membrane for oil 
spill remediation shows the power 
of cooperation between a research 
university and an applied university. 
‘A while ago, we decided that 
the polymer groups at the two 
institutes should become one, 
by sharing students, staff and 
facilities. We recently started the 
first hybrid research group in the 
Netherlands,’ explains Loos. This 
makes it easier to find applications 
for newly designed materials. Voet: 
‘Polymer chemists strive to link 
molecular structures to material 
properties and applications. Our 
hybrid research team has the 
experience to do just that.’

Zernike 

Recyclable bioplastic 
membrane to clear oil 

spills from water 
Polymer scientists from the University of Groningen and NHL Stenden University of 
Applied Sciences, both in the Netherlands, have developed a polymer membrane from 
biobased malic acid. It is a superamphiphilic vitrimer epoxy resin membrane that can be 
used to separate water and oil. This membrane is fully recyclable. When the pores are 
blocked by foulants, it can be depolymerized, cleaned and subsequently pressed into a 
new membrane. A paper describing the creation of this membrane was published in the 
journal Advanced Materials on 7 March 2021.

How do you clean up an oil 
spill in water? This is quite a 
challenge. Superamphiphilic 
membranes, that ‘love’ 
both oil and water, are a 
promising solution but not 
yet a very practical one. 
These membranes are often 
not robust enough for use 
outside the laboratory 
environment and the 
membrane pores can clog 
up as a result of fouling by 
algae and sand. Chongnan Ye 
and Katja Loos from the University 
of Groningen and Vincent Voet 
and Rudy Folkersma from NHL 
Stenden used a relatively new type 
of polymer to create a membrane 
that is both strong and easy to 
recycle.

Dynamic 
network
In recent years, the researchers 
from both institutes have joined 
forces to investigate vitrimer 
plastics, polymer materials that 

network, which enables recycling 
of the membrane.’ The vitrimer is 
produced through base-catalysed 
ring opening polymerization 
between pristine and epoxy-
modified biobased malic acid. 
The polymers are ground into a 
powder by ball milling and turned 
into a porous membrane through 
the process of sintering.

Pores
Both water and oil will spread out 
on the resulting superamphiphilic 
membrane. In an oil spill, much 

People’s Choice Award for
KIJK’s best Tech-Idea

By René Fransen (ScienceLinX)

have the mechanical properties 
and chemical resistance of a 
thermoset plastic. However, vitrimer 
plastics can also behave like a 
thermoplastic, since they can be 
depolymerized and reused. This 
means that a vitrimer plastic has 
all the qualities to make a good 
membrane for oil spill remediation. 
‘Furthermore, it was made from 
malic acid, a natural monomer,’ 
adds Loos.
‘The polymers in the vitrimer are 
crosslinked in a reversible manner,’ 
explains Voet. ‘They form a dynamic 

Zernike 
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Powerful 
microscope

Marrink calls his model a very 
power ful  microscope that 
allows you to look at molecules 
at an atomic scale. The newest 
version, Martini-3, was recently was recently 
published in Nature Methodspublished in Nature Methods. 
Simultaneously, Marrink also 
published a perspective article on perspective article on 
the model in Advanced Materialsthe model in Advanced Materials 
to show how versatile the model 
has proven to be: “My original 
aim twenty years ago was just to 
simulate lipid membranes, but it 
soon turned out to be useful for 
much more systems than we ever 
dreamed.”

From the start, they published 
Martini on a website so everyone 
could use it. “We got great 
feedback from the community”, 
says Marrink. “With their help, we 
were able to improve the forcefield 
and make it more applicable to 
other fields. It has become one 
of the established models in 
the field.” At the moment, the 
Martini model is gaining more 
and more popularity in the field of 
material sciences, and is used in 
research on organic photovoltaics, 
batteries, neuromorphic devices, 
drug carriers, green solvents, 
coacervates, and many more. 
“And we hope that the new update 
will expand the possibilities even 
more.”

More beads
One of the improvements is the 
addition of more types of coarse 
grain beads. “The beads in our 
system describe certain chemical 
fragments, like a collection of 
carbon atoms or hydrogen atoms”, 
Marrink explains. “Previous 
versions of the Marini model 
had eighteen different types of 
beads, but we added more. This 
makes it possible to simulate the 
chemical space even better.” They 
were also able to recalibrate the 
interactions between the beads to 

make them more accurate. “We 
basically refined the interactions 
so they were more close to what 
really happens.” 

Since it was quite a task to get to 
Martini-3, Marrink hopes that it 
will take a while before they have 
to make a new version. However, 
he does already have some ideas 
on what they can improve. “One 
of the things we haven’t taken 
into account yet is metals and 
the interaction of metal surfaces. 
That would be a good addition 
to the system.”

fundamental information 
on the structure of your 
material, its properties 
and behaviour, and 
guide you on how to 
improve it. Of course 
we are not able to 
simulate everything, 
but it can certainly 
give you great 
insights. And 
the possibilities 
k e e p 
expanding.”

We basically 
refined the 

interactions 
so they were 

more close 
to what really 

happens.

GBB

Reactions
Another mayor dream of 
Marrink is adding the ability 
to simulate chemical reactions. 
Normally, molecular dynamics 
sticks to simulating the surroundings 
of an atom or molecule and its 
interactions. Marrink: “We can see 
how they aggregate and attract or 
repel each other, but if you want 
to simulate a molecule reacting 
and forming another molecule, 
you need quantum modelling. 
But we have some ideas on how 
to incorporate this directly 
into Martini, so it may be 
possible in the future.”

Whatever way the Martini 
model may evolve, Marrink 
is certain it can be of value 
to many researchers, also 
within Advanced Materials 
research: “It can give you 

New Martini-model improves 
molecular simulations

Molecular dynamics can help researchers to get a more 
fundamental understanding of their materials. With the 
right simulation, you can save time in the lab and make 
more efficient choices on what might work for your 
reaction or material. These simulations can however take 
up quite some computer power and sometimes they are 
not applicable to large systems. The group of Siewert-
Jan Marrink of the Groningen Biomolecular Science & 
Biotechnology Institute (GBB) just released a new model 
called Martini-3 that might solve some of these problems 
and prove to be useful to many fields of research that 
work with advanced materials.

The Martini model is a so called forcefield. In the field of 
molecular dynamics, forcefields contain all the parameters 
that determine how particles in the simulation interact with 
each other. They basically contain the rules that the atoms 
or molecules in the simulation have to follow. Over the 
years, many forcefields have been developed for different 
applications. While most focus on simulating every individual 
atom, Marrink and his team chose a different approach. 
“We tried to simplify our model and lower the necessary 
computer power by combining the atoms in groups that 
we call coarse-grain-beads. This gives us the advantage 
of being able to simulate large systems but still staying 
close to the true dynamics of the system.”

GBB

By Renée Moezelaar

https://www.nature.com/articles/s41592-021-01098-3
https://www.nature.com/articles/s41592-021-01098-3
https://onlinelibrary.wiley.com/doi/10.1002/adma.202008635
https://onlinelibrary.wiley.com/doi/10.1002/adma.202008635
https://www.nature.com/articles/s41592-021-01098-3
https://www.nature.com/articles/s41592-021-01098-3
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It may take 
many more 

years, but 
now that we 
understand 

how this 
process works, 
it could help us 

to find a way 
to enhance 

the activity of 
DnaJB6, which 

could reduce 
the protein 

aggregates 
that cause the 

disease.

work together, but their structure is 
not really ordered,” he continues. 
This makes it impossible to use 
standard techniques, which all 
require ordered structures.

Carbon atoms
Van der Wel was asked by 
colleagues at the University of 
Texas to help tackle this problem. 
Van der Wel is specialized in 
solid state NMR spectroscopy, 
a technology that can measure 
how atoms are connected to each 
other. In simple terms, the NMR 
signals of two connected carbon 
atoms in DnaJB8 depend on how 
they interact with other atoms in the 
molecule. Therefore, the measured 
spectrum of the carbon atoms can 
show in which amino acid they 
are located. Such information 
can be used to get an idea of 
the protein’s structure, even if it 
is not well ordered.
The DnaJB8 protein is made up of 
different domains, with different 
functions. Through a series of 
experiments, Van der Wel was 
able to determine which domains 
are stuck inside the DnaJB8 
protein, and which are available 
on the outside. The experiments 
suggested that the so-called ‘J 

Zernike 

domain’ of DnaJB8 was able to 
switch between being stuck and 
being accessible. This is important 
because this part of the DnaJB8 
protein is responsible for turning 
on the Hsp70 protein, which can 
prevent the protein aggregates 
from forming. In other words, there 
seems to be a ‘switch’ in DnaJB8 
that controls this interaction with 
Hsp70. Interestingly, this switch was 
found to be located in a domain 
wwof DnaJB8 whose exact role 
was previously unclear.

Hypothesis
“Thus, our hypothesis based on 
the structure was that the DnaJB8 
is inactive until it binds to the faulty 
proteins, and that it then attracts 
Hsp70,” says Van der Wel. A series 
of simulations and experiments at 
the University of Texas confirmed 
this idea and yielded a detailed 
model of how these proteins work 
together.
DnaJB8 is a protein that is mainly 
found in the testes. However, a 
very similar protein called DnaJB6 
is present in the brain, where 
Huntington’s disease strikes. It 
seems more than likely that this 
protein acts similarly, when it 
protects against glutamine-rich 
proteins that aggregate in the 
brain cells of patients. “It may take 
many more years, but now that 
we understand how this process 
works, it could help us to find a 
way to enhance the activity of 
DnaJB6, which could reduce the 
protein aggregates that cause the 
disease,” concludes Van der Wel.

New insight into protein 
structures that could treat 
Huntington’s disease 
In Huntington’s disease, a faulty protein aggregates in brain cells and eventually kills 
them. Such protein aggregates could, in principle, be prevented with a heat shock 
protein. However, it is not well known how these proteins interact with the Huntington’s 
disease protein. New research by Patrick van der Wel (University of Groningen, the 
Netherlands) and colleagues at the University of Texas has partially resolved the 
structure of heat shock proteins that bind to such aggregating proteins, helping us to 
understand how they work. The results were published on 11 February in the journal 
Nature Communications.

By René Fransen (ScienceLinX)

Heat shock proteins (Hsp) are 
produced by cells that are 
exposed to stressful conditions. 
The Hsp family is diverse, and 
quite a few of the proteins function 
as chaperone. This means that 
they help other proteins to fold 
(or re-fold after being damaged) 

in the correct way. “These proteins 
can assist in folding thousands of 
different proteins. To this end, they 
use co-chaperones with specific 
binding abilities,” explains Patrick 
van der Wel, Associate Professor 
of Solid State NMR Spectroscopy 
at the University of Groningen.

Ordered
One class of heat shock proteins, 
Hsp40, helps to suppress protein 
aggregates like those that appear 
in Huntington’s disease. These 
Hsp40 proteins come in different 
kinds, and some of them will bind 
specifically to aggregating proteins 
with a lot of repeated glutamine 
amino acids, like the faulty protein 
found in Huntington’s disease. One 
of these Hsp40 proteins is called 
DnaJB8, and this was the protein 
studied by Van der Wel and his 
colleagues.
“In order to understand the action 
of DnaJB8, we need to know what 
it looks like,” says Van der Wel. 
However, it is difficult to resolve the 
structure of this type of protein. “It 
appears as a dimer or an oligomer, 
so a number of these protein units 

Solid-state NMR spectroscopy (top right) highlights how DnaJB8 chaperone 
protein blocks itself. In the displayed NMR data each signal comes 
from an amino acid in a key part of the chaperone protein: its J-domain. 
Based on the shape and steepness of the contour lines, we know that this 
domain is trapped by the chaperone itself, keeping it from doing its job. 
Fortunately it is also shown how this inactivated state can be disrupted, 
revealing an intricate orchestration in how chaperone proteins work 
together to fight and prevent diseases such as Huntington’s disease.

Zernike 
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University of Groningen 
scientists design superfast 
molecular motor 

Light-driven molecular motors have been around for over twenty years. These motors typically 
take microseconds to nanoseconds for one revolution. Thomas Jansen, associate professor of 
physics at the University of Groningen, and Master’s student Atreya Majumdar have now designed 
an even faster molecular motor. The new design is driven by light only and can make a full turn in 
picoseconds, using the power of a single photon. Jansen: ‘We have developed a new out-of-the-
box design for a motor molecule that is much faster.’ The design was published in The Journal of 
Physical Chemistry Letters on 7 June.

By René Fransen (ScienceLinX)

The new motor molecule design 
started with a project in which 
Jansen wanted to understand 
the  energy landscape of 
excited chromophores. ‘These 
chromophores can attract or 
repel each other. I wondered if 
we could use this to make them 
do something’, explains Jansen. 
He gave the project to Atreya 
Majumdar, then a first-year 
student in the Top Master’s degree 
programme in Nanoscience in 
Groningen. Majumdar simulated 
the interaction between two 
chromophores that were connected 
to form a single molecule.

Light
Majumdar, who is now a PhD 
student in nanoscience at the 
Université Paris-Saclay in France, 
explains what he found: ‘A 
single photon will excite both 
chromophores simultaneously, 
creating dipoles that make them 
repel each other.’ But as they are 
stuck together, connected by a 
triple bond axis, the two halves 
push each other away around 
the axis. ‘During this movement, 
they start to attract each other.’ 
Together, this results in a full 
rotation, generated by the light 
energy and the electrostatic 
communication between the two 
chromophores.
The original light-driven molecular 

expects that someone will try to 
build this organic molecule now that 
its properties have been described. 
And it is not one specific molecule 
that has these properties, adds 
Majumdar: ‘We have created 
a general guide for the design 
of this type of molecular motor.’

Blueprint
As for applications, Jansen can 
think of a handful. They might be 
used to power drug delivery or 
move nanoscale objects on a 
surface, or they might be used in 
other nanotech applications. And 
the rotational speed is well above 
that of the average biophysical 
process, so it may be used to 
control biological processes. In 
the simulations, the motors were 
attached to a surface, but they will 
also rotate in solution. Jansen: ‘It 
will require a lot of engineering and 
tweaking to realize these motors, 
but our blueprint will deliver a 
brand-new type of molecular 
motor.’

motor was 
developed 
by Jansen’s 
c o l l e a g u e 
Ben Feringa, 
P r o f e s s o r 
o f  O rg a n i c 
Chemistry at 
the University of 
Groningen and recipient of the 
2016 Nobel Prize for Chemistry. 
This motor makes one revolution in 
four steps. Two steps are driven by 
light and two are driven by heat. 
‘The heat steps are rate-limiting,’ 
explains Jansen. ‘The molecule has 
to wait for a fluctuation in heat 
energy to drive it to the next step.’

Bottlenecks
By contrast, in the new design, a 
rotation is fully downhill from an 
excited state. And as – due to the 
laws of quantum dynamics – one 
photon excites both chromophores 
simultaneously, there are no major 
bottlenecks to limit the speed of 
rotation, which is therefore two to 
three orders of magnitude greater 
than that of the classic ‘Feringa’ 
motors.
All of this is still theoretical, based 
on calculations and simulations. 
‘Building one of these motors is not 
trivial’, acknowledges Jansen. The 
chromophores are widely used but 
slightly fragile. Creating a triple 
bond axis is also not easy. Jansen 

A. Majumdar
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New material could create 
‘neurons’ and ‘synapses’ 
for new computers
Classic computers use binary values (0/1) to perform. By contrast, our brain cells can use 
more values to operate, making them more energy-efficient than computers. This is why 
scientists are interested in neuromorphic (brain-like) computing. Physicists from the University 
of Groningen have used a complex oxide to create elements comparable to the neurons 
and synapses in the brain using spins, a magnetic property of electrons. Their results were 
published on 18 May in the journal Frontiers in Nanotechnology.

By René Fransen (ScienceLinX)

Although computers can do 
straightforward calculations much 
faster than humans, our brains 
outperform silicon machines in 
tasks like object recognition. 
Furthermore, our brain uses less 
energy than computers. Part of 
this can be explained by the way 
our brain operates: whereas a 
computer uses a binary system 
(with values 0 or 1), brain cells can 
provide more analogue signals 
with a range of values.

Thin films
The operation of our brains can 
be simulated in computers, but 
the basic architecture still relies 
on a binary system. That is why 
scientist look for ways to expand 
this, creating hardware that is more 
brain-like, but will also interface 
with normal computers. ‘One idea 
is to create magnetic bits that can 
have intermediate states’, says 
Tamalika Banerjee, Professor 
of Spintronics of Functional 
Materials at the Zernike Institute 
for Advanced Materials, University 
of Groningen. She works on 
spintronics, which uses a magnetic 
property of electrons called ‘spin’ 
to transport, manipulate and store 
information.
In this study, her PhD student 
Anouk Goossens, first author of 
the paper, created thin films of a 
ferromagnetic metal (strontium-

devices. ‘This magnetic anisotropy 
is exactly what we wanted’, says 
Goossens. ‘Probabilistic switching 
compares to how neurons function, 
while the deterministic switching 
is more like a synapse.’
The scientists expect that in 
the future, brain-like computer 
hardware can be created by 
combining these different domains 
in a spintronic device that can be 
connected to standard silicon-
based circuits. Furthermore, 
probabilistic switching would also 
allow for stochastic computing, 
a promising technology which 
represents continuous values by 
streams of random bits. Banerjee: 
‘We have found a way to control 
intermediate states, not just for 
memory but also for computing.’

A. Goossens

ruthenate oxide, SRO) grown on a 
substrate of strontium titanate oxide. 
The resulting thin film contained 
magnetic domains that were 
perpendicular to the plane of the 
film. ‘These can be switched more 
efficiently than in-plane magnetic 
domains’, explains Goossens. By 
adapting the growth conditions, 
it is possible to control the crystal 
orientation in the SRO. Previously, 
out-of-plane magnetic domains 
have been made using other 
techniques, but these typically 
require complex layer structures.

Magnetic 
anisotropy
The magnetic domains can be 
switched using a current through 
a platinum electrode on top of 
the SRO. Goossens: ‘When the 
magnetic domains are oriented 
perfectly perpendicular to the 
film, this switching is deterministic: 
the entire domain will switch.’ 
However, when the magnetic 
domains are slightly tilted, the 
response is probabilistic: not all 
the domains are the same, and 
intermediate values occur when 
only part of the crystals in the 
domain have switched.
By choosing variants of the substrate 
on which the SRO is grown, the 
scientists can control its magnetic 
anisotropy. This allows them to 
produce two different spintronic 
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directly measure a large spin-
polarization of current, generated 
by the magnetic graphene.

Spin-logic
In the conventional graphene-
based spintronic devices, 
ferromagnetic (cobalt) electrodes 
are used for injecting and detecting 
the spin signal into graphene. 
In contrast, in circuits built from 
magnetic graphene, the injection, 
transport and detection of the spins 
all can be done by the graphene 
itself, explains Talieh Ghiasi, first 
author of the paper. ‘We detect 
an exceptionally large spin-

polarization of conductivity of 
14% in the magnetic graphene 
that is also expected to be 
efficiently tuneable by a transverse 
electric field.’ This, together with 
the outstanding charge and spin 
transport properties of graphene 
allows for realization of all-
graphene 2D spin-logic circuitries 
where the magnetic graphene 
alone can inject, transport and 
detect the spin information.
Moreover, the unavoidable 
heat dissipation that happens 
in any electronic circuitry is 
turned to an advantage in these 
spintronic devices. ‘We observe 
that the temperature gradient in 

Simplified schematic picture of the studied device, showing electrical 
and thermal generation of spin currents in a bilayer graphene/CrSBr 
heterostructure. The magnetic Co electrodes are used to determine the 
degree of proximity induced spin polarization in the bilayer graphene, 
where the magnetization of the outer-most layer of CrSBr (Mcsb) allows 
for higher conductivity of the spin-up electrons (red arrows).| Illustration 
Talieh Ghiasi, RUG
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the magnetic graphene due to the 
Joule heating is converted to spin 
current. This happens by the spin-
dependent Seebeck effect that is 
also observed in graphene for the 
first time in our experiments,’ says 
Ghiasi. The efficient electrical and 
thermal generation of spin currents 
by the magnetic graphene promises 
substantial advances both for the 
2D spintronic and spin-caloritronic 
technologies.

Graphene 
Flagship
The spin transport in graphene, 
furthermore, is highly sensitive 
to the magnetic behaviour of 
the outer-most layer of the 
neighbouring antiferromagnet. 
This implies that, such spin transport 
measurements enable read-out 
of the magnetisation of a single 
atomic layer. Thus, the magnetic 
graphene-based devices not only 
address the most technologically 
relevant aspects of magnetism in 
graphene for the 2D memory and 
sensory systems, but also provide 
further insight into the physics of 
magnetism.
The future implications of these 
results will be investigated in 
the context of the EU Graphene 
Flagship, which works towards 
new applications of graphene 
and 2D materials.

Towards 2D memory 
technology by magnetic 
graphene 

Zernike 

By René Fransen (ScienceLinX)

Spintronic devices are promising 
high-speed and energy-saving 
alternatives for the current 
electronics. These devices use 
magnetic moment of electrons 
so-called spins (‘up’ or ‘down’) 
to transfer and store information. 
The ongoing scaling down of 
memory technology requires 
ever smaller spintronic devices 
and thus it seeks for atomically 
thin materials that can actively 
generate large spin signals and 
transfer the spin information over 
micrometre-long distances.

Magnetic 
graphene
For over a decade, graphene 
has been the most favourable 
2D material for the transport of 
the spin information. However, 
graphene cannot generate spin 
current by itself unless its properties 
are appropriately modified. One 
way to achieve this is to make it 
act as a magnetic material. The 
magnetism would favour the 
passage of one type of spin and 

thus create an imbalance in the 
number of electrons with spin-up 
versus spin-down. In magnetic 
graphene this would result in a 
highly spin-polarized current.
Th i s  idea  had  now been 
experimentally confirmed by 
the scientists in the Physics of 
Nanodevices group led by prof. 
Bart van Wees at the University 
of Groningen, Zernike institute 
for advanced materials. When 
they brought graphene in close 
proximity to a 2D layered 
antiferromagnet, CrSBr, they could 

In spintronics, the 
magnetic moment of 

electrons (spin) is used 
to transfer and manipulate 

information. An ultra-compact 
2D spin-logic circuitry could be built 
from 2D materials that can transport 

the spin information over long distances 
and also provide strong spin-polarization 

of charge current. Experiments by physicists at 
the University of Groningen (The Netherlands) 

and Colombia University (USA) suggest that 
magnetic graphene can be the ultimate 

choice for these 2D spin-logic devices as 
it efficiently converts charge to spin 
current and can transfer this strong 

spin-polarization over long 
distances. This discovery was 
published on 6 May in Nature 

Nanotechnology.

A. Kaverzin & T. Ghiasi

https://www.nature.com/articles/s41565-021-00887-3
https://www.nature.com/articles/s41565-021-00887-3
https://www.nature.com/articles/s41565-021-00887-3
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Nanopore
First, the team analysed the 
composition of the nucleoporins 
to design a simplified, ‘average’ 
version, which they termed 
nucleoporin X, or NupX for short. 
These proteins are made up of 
domains comprising phenylalanine 
(F) and glycine (G) amino acids 
in tandem, and these play an 
essential role in transport. These 
FG repeats are separated by 
‘spacers’ of other amino acids. 
In addition to the FG repeats, some 
nucleoporins also contain domains 
of glycine, leucine, phenylalanine 
and glycine, or GLFG repeats. 
The team designed proteins that 
contain both domains, separated 
by spacers of ten amino acids.
NupX  was  t e s t ed  i n  t wo 
different systems: it was studied 
experimentally, attached to a 
surface and added to artificial 
nanopores that were ‘drilled’ in 
a ‘membrane’ of silicon nitride, 
and through molecular dynamics 
simulations. The experiments were 
performed at Delft University of 
Technology, while the simulations 
were prepared and executed in 
Groningen, mostly by Henry de 
Vries, a PhD student in Onck’s 
laboratory.

Transport ticket
The nucleoporins were tested 
for interactions with non-specific 
proteins and with chaperones, 
which are proteins that act as 
transport tickets through the 
pore. In the cell, large molecules 
that must be transported into or 
out of the nucleus can only do 
so when they are attached to 
such a chaperone. The artificial 
nucleoporins selectively interacted 
with the chaperones but not with 

the non-specific proteins. This 
demonstrated that the NupX pores 
are fully functional: they are able 
to facilitate selective transport. De 
Vries: ‘However, the experiments 
showed that transport through the 
artificial pores occurs but not what 
happens inside the pore. With our 
simulations, we showed what 
exactly happens inside the pore 
as the chaperones translocate, 
while the non-specific proteins do 
not interact with the pore at all.’
The simulations also revealed how 
the FG and the GLFG nucleoporins 

hydrophobic amino acids within 
the spacers, which determines the 
stickiness of the proteins.’
Snapshot of  the computer 
s imulat ions ,  showing that 
nanopores filled with NupX-
proteins allow specific transport 
proteins (chaperones) to pass. At 
the same time, the pores efficiently 
block any non-specific molecules. | 
Illustration University of Groningen
Snapshot of  the computer 
s imulat ions ,  showing that 
nanopores filled with NupX-
proteins allow specific transport 
proteins (chaperones) to pass. At 
the same time, the pores efficiently 
block any non-specific molecules. | 
Illustration University of Groningen

Redundancy
The final conclusion of the study 
is that a very simple system in 
nucleoporins that has limited 
variation still produces a selective 
pore. ‘What is needed is a certain 
density of these FG nucleoporins,’ 
says Onck. ‘These form a barrier, 
which can only be breached by 
the chaperones.’ This begs the 
question of why the pores contain 
a very large number of different 
nucleoporins in nature. Onck: ‘We 
know that nature doesn’t always 
come up with optimized solutions. 
However, their redundancy could 
very well have a function in natural 
pores.’
The fact that the very simple artificial 
system already reproduces selective 
transport mechanisms means that 
the scientists now have an excellent 
tool to study the physical principles 
that regulate nuclear pore function. 
Onck: ‘This could lead to new 
fundamental insights but also to 
new applications, for example 
in creating filtration systems, or 
in the design of artificial cells.’

were distributed inside the pore. 
‘Recent studies suggested that they 
would be in different places in 
nuclear pores and that this might 
help to create selectivity,’ says 
De Vries. ‘However, we found 
that they were homogenously 
distributed and yet we still saw 
selectivity.’ Another suggestion was 
that the amino acids that make up 
the spacers are important for the 
selectivity. ‘Our results showed that 
the specific sequence of amino 
acids in the spacer doesn’t matter, 
since we used random sequences. 
The only important part is the 
ratio of charged amino acids to 

This could 
lead to new 

fundamental 
insights but 
also to new 

applications, 
for example 

in creating 
filtration 

systems, or in 
the design of 
artificial cells.
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The team reduced the complexity of nuclear pores down to a single, artificial Nucleoporin that they call ‘NupX’. This 
protein is based on the average properties of a class of Nucleoporins rich in the amino acid motif Glycine-Leucine-
Phenylalanine-Glycine. In these simulation snapshots, each particle represents a whole amino acid. | Illustration 
University of Groningen

‘Designer’ pore shows 
selective traffic to and 
from the cell nucleus 
The nucleus is the headquarters of a cell and molecules constantly move across the 
nuclear membrane through pores. The transport of these molecules is both selective 
and fast; some 1,000 molecules per second can move in or out. Scientists from the 
University of Groningen and Delft University of Technology, both in the Netherlands, 
and a colleague from the Swedish Chalmers University of Technology, have developed 
an artificial model of these pores using simple design rules, which enabled them to 
study how this feat is accomplished. Their results were published on 31 March in Nature 
Communications.

By René Fransen (ScienceLinX)

Nuclear pores are extremely 
complicated structures. The pore 
itself is a big protein complex and 
the opening of the pore is filled 
with a dense network of disordered 
proteins called nucleoporins. 
These proteins regulate selective 
transport, but exactly how they 
do this is still unclear. ‘The 
nuclear pore complex is one of 
the biggest protein structures in 
the cell,’ explains Patrick Onck, 
professor of Micromechanics at 
the University of Groningen. ‘We 
previously studied the pores in all 
their complexity, but for this study, 
we created a drastically simplified 
‘designer’ pore to investigate the 
essential physical mechanisms of 
transport.’

H. de Vries
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the hydroxybutenolide, creating 
four different alkoxybutenolide 
monomers.

Coatings
The s e  m o n o m e rs  c a n  b e 
transformed into polymers and 
coatings with the help of an 
initiator and UV light. ‘Coatings 
are made up of cross-linked 
polymer chains. By combining 
different monomers, we could get 
cross-linked polymers with different 
properties.’ For example, while 
all polymers would coat glass, 
one combination was able to also 
form a coating on plastic. And by 
adding more rigid monomers, a 
harder coating was formed, with 
properties comparable to those 
of coatings on cars. In this way, 
these coatings are adaptable for 
different purposes.

Patent
‘We managed to create coatings 
f rom a renewable source, 
lignocellulose, using green 
chemistry,’ concludes Hermens. 
‘And the quality of our coatings is 
similar to that of current acrylate-
based coatings.’ For two steps in 
the process, patent applications 
have been filed with AkzoNobel, 
the industrial partner in the project. 
Hermens is now working on a 
different building block derived 
from furfural to produce other types 
of polymer coatings.

Partners
The project was initiated by 
the Advanced Research Center 
Chemical  Bui lding Blocks 
Consortium (ARC CBBC), a Dutch 
national public-private research 
centre that develops new chemical 
processes and chemical building 
blocks for novel energy carriers, 
materials and chemicals for 
sustainable chemistry. The ARC 
CBBC is a national initiative with 
partners from industry, academia 

Newsflash
Open Technology Programme Grant for Wouter Roos and Ben Feringa

Loredana Protesescu elected to the Early Career Board of Nano Letters

DESY scientist Sadia Bari becomes professor at the University of Groningen

Annemarie Maan wins KNCV Spotlight Prize

Marcos Guimaraes wins IOP Materials Emerging Leaders Twitter poster competition

New assistant professor in our team - Andrea Giuntoli

Prof. Noheda and Prof. Kooi received NWO Open grant

Tamalika Banerjee in Nederlands Tijdschrift voor Natuurkunde (NTvN)

NWO grant for Francesco Maresca in Open Technology Programme 

Tamalika Banerjee Nanoscience teacher of the year 2020-2021

Loredana Protesescu wins Nanomaterials 2020 Young Investigator Award 

Shirin Faraji elected to the board of KNCV division Computational and 
Theoretical Chemistry

Prof. Loos wins IUPAC 2021 Distinguished Women in Chemistry award

EU infrastructure grant awarded to Molecular Biophysics consortium

Moniek Tromp interviewed as a role model for an EU project

P. Rudolf appointed as Member of the Academy of Sciences of the Institute of Bologna

Pascal Freyer interviewed by NRC

KNG Juryprize for Björn Kriete

Bart van Wees featured in Physical Review B 50th Anniversary Milestones

Ubbo Emmius Fund of the UG receives large donation from alumnus

Dr. Wlodarczyk-Biegun receives second NWO XS grant

Shirin Faraji Young Academy of Groningen board member

Prof. Katsonis KHMW member and member of KNAW Advisory Council

and government.There are three 
universities involved (Utrecht 
University, the University of 
Groningen and Eindhoven 
Univers i t y of  Technology) 
and major industrial partners 
(AkzoNobel, Shell, Nouryon and 
BASF), as well as the ministries of 
Education, Culture and Science and 
of Economic Affairs and Climate 
Policy and the Dutch Research 
Council (NWO).

Ben Feringa
Hermens’ supervisor, Ben Feringa, 
is one of the founders of this centre. 
Feringa: ‘The programme entails all 
the steps from fundamental scientific 
discovery to process and product 
development. In this long-term 
partnership, universities and the 
chemical industry join forces to 
develop the green chemistry of 
the future.‘

Petra Rudolf elected member of Academia Europaea

National Growth Fund awards NanoLabNL €150 million

Tamalika Banerjee Associate Investigator in FLEET

Richard Hildner receives NWO KLEIN funding through Science domain 

Scientists create coatings 
from nature

Stratingh

Organic chemists from the University of Groningen and the 
Dutch multinational company AkzoNobel, a major global 
producer of paints and coatings, developed a process that 
allows them to turn biomass into a high-quality coating 
using light, oxygen and UV light. This process combines a 
renewable source with green chemistry and could replace 
petrochemical-based monomers such as acrylates, which 
are currently used as building blocks for coatings, resins 
and paints. A paper on the new process was published in 
the journal Science Advances on 16 December.

Coatings are everywhere, from 
the paint on your house to a 
protective layer on the screen of your 
smartphone. They protect surfaces 
from scratches, influences of the 
weather or everyday wear. Most 
coatings are made up of polymers 
based on acrylate monomers, with 
the global production of acrylate 
exceeding 3.5 million tonnes a year, 
all produced from fossil oil.

Biomass
To make these coatings more 
sustainable, scientists from the 
University of Groningen, led by 

Hydroxybutenolide
‘Lignocellulose can be cracked with 
acid to produce the chemical building 
block furfural, but this needs to be 
modified to make it suitable for the 
production of coatings,’ explains 
Hermens. He used a process 
that has been developed in their 
group to convert the furfural into a 
compound, hydroxybutenolide, that 
resembles acrylic acid. ‘The chemical 
conversion uses only light, oxygen 
and a simple catalyst and produces 
no waste. The only side product is 
methyl formate, which is useful as a 
replacement for chlorofluorocarbons 
in other processes.’

Less reactive
P a r t  o f  t h e  s t r u c t u r e  o f 
hydroxybutenolide is similar to 
acrylate, but the reactive part of 
the molecule is a ring structure. ‘This 
means that it is less reactive than 
acrylate and our challenge was to 
further modify the molecule so that 
it would produce a useful polymer.’ 
This was achieved by adding different 
green or biobased alcohols to 

G. Hermens & P. Visser

Professor of Organic Chemistry Ben 
Feringa, teamed up with scientists 
from coating producer AkzoNobel. 
‘We wanted to use lignocellulose as 
the starting material,’ says George 
Hermens, a PhD student in the 
Feringa group and first author of 
the paper in Science Advances. 
Lignocellulose makes up 20 to 
30 per cent of the woody parts 
of plants and is the most abundantly 
available raw biomass material on 
Earth. Currently, it is mainly used 
as a solid fuel or used to produce 
biofuels.

Lignocellulose biomass is cracked using acid to produce furfural. Using 
visible light and oxygen, furfural is converted into hydroxybutenolide, 
which is then modified using different alcohols to produce alkoxybutenolide 
monomers, that can be polymerized into coatings using UV light. 
© George Hermens and Paco Visser, University of Groningen

https://www.science.org/doi/10.1126/sciadv.abe0026
https://www.science.org/doi/10.1126/sciadv.abe0026
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Skin-inspired sensors 
show how our body moves
Scientists at the University of Groningen have created wearable, stitchable, and sensitive 
sensors from flexible polymers and bundles of carbon fibre. Like our skin, these sensors 
respond to pressure and can measure body position and movement. They could be used to 
measure disease progress in Parkinson’s disease, or sense joint movement in athletes, for 
example. A description of these applications was presented in the Nature Partnership journal 
(npj) Flexible Electronics on 14 October.

Sensors can be useful to monitor 
our health. However, this requires 
flexible sensors that will not cause 
discomfort to the user. Wearable 
sensors, stitched into clothing, would 
be useful as well. Ajay Kottapalli, 
assistant professor at the Engineering 
and Technology institute Groningen 
(ENTEG, part of the University of 
Groningen), together with his PhD 
student Debarun Sengupta, has 
already developed different types 
of sensors, often inspired by nature. 
He has now created sensors that 
can mimic the sensory capabilities 
of our skin.

Applications
Kottapalli used electrospun carbon 
fibres for his sensors. These fibres 
are piezoresistive, which means that 
their conductivity changes when they 
are stretched. Sensors are made by 
embedding the fibres in a flexible 
elastomer in a perpendicular pattern, 
creating ‘pixels’ where two fibres 
cross. ‘Electrospinning is similar to 
the way in which fabric is made, and 
the material can be stitched, whereby 
it is possible to use conductive yarn 
that can ac t  as  an 

electrode,’ 
says Kottapalli. 

The sensors can 
therefore be 

soles of shoes. A final advantage is 
that the sensors are expected to be 
washable, although this was not yet 
described in the article. Kottapalli: 
‘My PhD student Debarun Sengupta 
is actively working on that.’

Assisted 
walking
Kottapalli also won an NWA (Dutch 
Science Agenda) Idea Generator 
grant last year, with which he is trying 
to use these sensors for biomedical 
applications that leverage the 
functionality of such sensors. Together 
with Amar Kamat (a former postdoctoral 
researcher in Kottapalli’s team, currently 
at CTO Sencilia B.V.) and Natanael 
Gomes (a research engineer in the 
team), Kottapalli is testing the sensors 
in a rehabilitation centre for Parkinson’s 
disease patients at the Paramedisch 
Centrum voor Reumatologie en 
Revalidatie (PCRR, Paramedical Centre 
for Rheumatology and Rehabilitation) 
Hilberdink, Groningen. ‘They are being 
used to monitor the deterioration of 
their gait over time.’ This is achieved by 
placing sensors in shoe soles, and on 
knee or foot joints. In the near future, 
this might lead to assisted walking for 
these patients. Kottapalli: ‘Some patients 
already use a system that gives them 
instructions on walking speed and 
step length through earphones. We 
know that just before a fall, patients 
take shorter steps. Our sensor system 
could alert them to this.’

integrated into everyday clothing 
or gloves, or applied as patches on 
joints. They will measure bending 
movements, but they are also sensitive 
to pressure.

A detailed description of the 
sensors was published recently in published recently in 
npj Flexible Electronicsnpj Flexible Electronics. In the latest 
paper, published in the same journal 
on 14 October, Kottapalli and his 
research team focus on applications. 
For instance, the authors integrated 
the sensors into a glove. This allowed 
measurements of finger movement 
and fingertip pressure, or touch. ‘The 
glove can tell you the hardness of 
an object, like a normal hand can.’ 
Application on a hand prosthesis 
would be one option. In that case, 
the sensor output would have to 
be fed into the patient’s nervous 
system. A special quality of these 
sensors is that they can measure 
touch, gestures, and proprioception. 
‘This is a unique combination,’ says 
Kottapalli. ‘Our sensors have a skin-
like function.’

Washable
The sensors could also be used 
by athletes. Many elite athletes 
already wear shirts with electrodes 
that measure muscle activity. ‘Our 
sensors would add body movement 

to this, which is an entirely 
different approach. Apart from 
joint movement, we could also 
register breathing movements.’ 

Sensors could be placed in tight-
fitting shirts, socks, gloves, or the 

ENTEG

https://www.nature.com/articles/s41528-021-00126-8
https://www.nature.com/articles/s41528-021-00126-8
https://www.nature.com/articles/s41528-020-0072-2
https://www.nature.com/articles/s41528-020-0072-2

