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 Everything began with a 
problem: it had something to do with 
friction, the kind of thing that hap-
pens, when two moving surfaces touch 
each other. It is not “just” a physics-
problem, but also a very important 
factor in biological evolution. From 
snakes to insects, every living thing has 
an interest in surviving the occasional 
contact with different kinds of sur-
faces – how they manage that is there-
fore interesting for biologists. At Kiel 

University, Professor Stanislav Gorb 
is watching, measuring and imitating 
the mechanisms that allow animals to 
do just that. 
However, he had a feeling that some-
thing was still missing in his approach. 
Until he met theoretical physicist 
 Professor Alexander Filippov at 
a conference. “His strength is that, 
by  creating these simulations, these 
 artificial worlds, we get to see a movie. 
A movie that shows us how it works,” 

says Professor Stanislav Gorb. 
Filippov, always smiling under his 
beard, was the right man for the job. 
Well, to be more precise, the man 
for many jobs: “I worked on a lot of 
 projects, from quantum mechanics 
and superconductivity to evolution, 
friction and critical phenomena. What 
I do is called ‘Numerical Simulation’ – 
using computer programs to visualize 
and understand complex processes,” 
explains Filippov. The Ukrainian is 
jumping between universities in Berlin, 
Kiel, Paris and Tel Aviv; he is helping 
an agricultural agency in New Zealand 
and solving a mathematical problem 
in Canada. 
How does a theoretical physicist become 
the expert in Numerical Simulation for 
chemists, biologists and governments? 
It started in Donetsk: “Right now, there 
is a war. But when I studied there 
in the 1970’s, it was a great scien-
tific centre. The best  scientists from 
Moscow, Kharkov and St. Petersburg 
came to visit us, teach us and discuss 
with us,” he says proudly. His favourite 
part of learning there? He could not 
only study physics, but also dabble in 
other fields, like philosophy. “We had 
these big discussions, where everyone, 

student or professor, could take part. 
And especially enjoyed thinking about 
unexplained phenomena in Darwin's 
Theory of Evolution.” Therefore, the 
physicist worked on a paper, exam-
ining and calculating the possibility of 
evolution occasionally making jumps, 
which was published in the Journal of 
General Biology in Moscow. 

His interest in different fields of  science 
was awakened. Why shouldn’t he, the 
man with the gift of seeing formu-
las unfold in his mind, work together 
with others to create knowledge? 
That’s what he did, and still does. So 
when Gorb approached him at the 
conference, to talk about animals and 
their highly elaborate skins and hairs, 
Filippov was excited. Over the next 
three years he will, for three to four 
months at a time, be working in Kiel 
using his Georg-Forster-Prize which 
was recently granted to him by the 
Alexander von Humboldt Foundation. 

Together with Gorb, he works in the 
Department of Functional Morphology 
and Biomechanics at the Zoological 
Institute. And they’ve got a lot on their 
plate: from abrasion-resistant snake 
skins, or lizard-feet with incredible 
adhesion skills to bird feathers that 
magically repair themselves with just 
a touch – they want to understand all 
that. Together, they might just be able 
to do it.  Sebastian Maas
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When somebody has got a lot of data, but no means to bring them to life, 
they call upon the help of physicist and math-enthusiast Professor 
 Alexander Filippov. From biological evolution to critical phenomena, he 
understands the way things work. And how to visualize this knowledge.   

The Math-magician

Feather under the scanning electron microscope.                                              Photo: AG Gorb

The way feathers repair themselves is 
well known, but the mechanical principles 
behind that ability are not quite understood. 
They have many single barbs that are tight-
ly  closed together, and connect with little 
hooklets to each other. With a simple stroke, 
they heal from a disruption. Yet how exactly 
does it work, and is it possible to replicate it? 
Is the angle the key, or is it the stiffness of 
the material? Alexander Filippov and Stanis-
lav Gorb are sure: “If we know this, we could 
build textiles that could be repaired with a 
touch.”  sma

Link to video of feather repairing itself  
Web: bit.ly/feder-heilung

Self-healing materials? 

“His strength is that, by creating 
these simulations, these artificial 
worlds, we get to see a movie. A 

movie that shows us how it works.”

 Switches are the elementary 
components in most engineering func-
tions and machines. Shrinking their 
size very often leads to a tremendous 
increase in speed and efficiency. The 
most prominent and well known exam-
ple is microelectronics. Starting in 1938 
from Konrad Zuse’s computer “Z1” 
weighing a ton, the latest generation 
of microchips has a feature size of 14 
nanometres (60,000 nm is the diameter 
of a human hair). Beyond triggering a 
techno logical revolution, the implica-
tions to society are obvious.
Increasing efficiency by miniaturi-
zation is not restricted to microelec-
tronics. Modern projectors include 
more than two million tiny switchable 
mirrors illuminating TV and cinema 
screens. Upon further shrinking of 
these devices, we reach the size of 
molecules. Consequently, the ultimate 
limits of miniaturization are molecular 
switches and machines. 
Making machines from molecules 
requires engineering approaches that 
are completely different from our 
macroscopic way of thinking. The 
Guardian, a British newspaper, com-
pared the difficulty of molecular engi-
neering with the problem “to build a 
Lego castle in the dark with boxing 
gloves.” Last year’s Nobel Prize was 
awarded to three chemists that laid 
the groundwork of this new techno-
logy. One of them, Ben Feringa from 
the University of Groningen, built the 
first molecular motor and the first 
molecul ar car driving on a surface. 
Antici pating the highest honour in 
the natural sciences, Ben Feringa was 
awarded the Diels-Planck lecture of 
the Kiel Nano, Surface and Interface 
Science (KiNSIS) in 2015. 
Already ten years ago, in July 2007, 
molecular nanosciences started at 
Kiel University with the collaborative 
research center CRC 677 “Function by 
Switching.” About a hundred scientists 
from chemistry, physics, material sci-
ences and pharmaceutical chemistry 
are collaborating to design, to build, 
and to investigate molecular machines. 
Chemists prepare the molecules, phy-
sicists put them on surfaces and inves-
tigate them with ultra-high resolution 
microscopy, and material scientists 
include them in composite materials. 
A number of impressive advancements 

have been made. The integration den-
sity of our functional molecules is 
more than two orders of magnitude 
higher than in the latest generation 
of Intel processors, probably higher 
than anything achievable with the cur-
rent lithography techniques used in 
microchip industry. Smaller is better, 

however, besides increasing speed and 
efficiency, we think that molecular 
engineering will open up completely 
new and fascinating applications. 
Unlike microelectronics, molecular 
switches and machines are compa-
t ible with biochemistry in size and 
function. Life on earth is a delicate 

interplay of molecular machines. There 
are enzymes incessantly patrolling our 
DNA, autonomously repairing mis-
matches, there are molecular walkers 
moving cargo on protein strands, there 
are pumps, triggers, valves, practically 
every engineering device we know 
from our macroscopic world. Artificial 

machines can directly communicate 
and interact with the chemistry of 
living organisms. 
One of our projects, aiming at the 
design of photoswitchable drugs, 
might illustrate the basic idea. Drugs 
are usually taken orally, or are injected. 
They spread over most parts of the 
body, and often cause side effects in 
healthy tissue. Switchable drugs would 
be administered in an inactive state, 
and activated exclusively at the site 
of illness. After a while they would 
return to the inactive state, and thus 
avoid contamination of waste water. 
Our first prototypes already demon-
strate the proof of principle. 

In another project, we built machine-
type molecules that measure tempera-
tures and make them visible in a 
3D-thermogramm in magnetic reso-
nance tomography. This could be 
useful in search of inflammation and 
tumours, which are higher in tempera-
ture than the surrounding tissue. In a 
more distant future, one can also ima-
g ine hybrids of biological and artificial 
units. Controlled motion in nature is 
realised by hair-like protrusions per-
forming whip-like motions (e.g. cilia 
in our respiratory tract). We synthe-
sized artificial cilia that are driven by 
light, which could actively drive cells 
or vesicles. 
Compared to the industrial revolution 
in the 19th century, the development 
of molecular machines is at the very 
beginning. It is difficult to predict 
which applications will arise from 
research. The engineers at the begin-
ning of the 19th century who experi-
mented with the first atavistic electro 
motors could not envision that cars, 
washing machines or industrial robots 
would be driven by their devices. We 
are now on the verge of a new molecu-
lar technology. Rainer Herges 
 
The author is Professor for Organic Che-
mistry and chairman of the CRC 677 at Kiel 
University.

Life is an interplay of molecular machines, like repair enzymes patrolling 
our DNA powered by sunlight and molecular walkers moving along peptide 
strands. Similar molecular machines now emerge from laboratories.  
Chemist Rainer Herges on Molecular Nanotechnology - the highly topical 
research area was honoured with a Nobel Prize last year and is explored in 
the Collaborative Research Center “Function by Switching”. 

Building a Lego castle in the dark 
with boxing gloves

Motorised paramecium: artistic view with artificial cilia. Cilia were the first strategy towards directed motion in nature emerging more 
than two billion years ago. The molecules shown were prepared by Tobias Tellkamp in the group of Professor Herges.        Photo: Herges
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