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Welcome to the latest edition of the NIM 

Newsletter! 

The nanoscience community in the Munich 

area keeps the ball rolling with exciting new 

nanosystems for applications in information 

processing, biomedicine and 

energy conversion, to name 

but a few. 

So what’s on the menu?

For example, NIM re-

searchers have de-

veloped fast and 

high-precision nano-

sensors for humidity 

and solvent vapors. 

Other scientists have 

succeeded in dou-

bling the efficiency 

of electrochemical 

water splitting reac-

tions. The third research 

report in this issue of 

“Nanosystems News” 

deals with biomolecular 

switches for cellular behav-

ior.

Nano is key in all these 

stories, as it is in the hot 

topic workshops organized by NIM research-

ers. We are reporting on the NIM Conference 

“Molecular Origins of Life” as well as on the 

“DNA Computing and Molecular Programming” 

conference. And we are happy to note that the 

Nano Institute Munich, which is currently un-

der construction, has made another milestone 

with the topping-out ceremony.

What will I do after my nano-PhD? This is one 

of the most important questions once you get 

close to the finish line of your PhD project. 

Read real-life reports with ideas that may in-

spire you for careers within and beyond uni-

versity research. 

Finally, meet two new researchers at NIM and 

learn about their goals and projects. One of 

them is concerned with the physics of bio-

logical cells, and the other one is intrigued by 

quantum phenomena in graphene and by or-

ganic semiconductors.

Enjoy reading!

Thomas Bein

NIM Coordinator

Nanolayers for highly sensitive 

humidity sensing (see p.2)
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Publication

Humidity Sensing: Towards the 

Nanosheet-Based Photonic Nose: 

Vapor Recognition and Trace 

Water Sensing with Antimony 

Phosphate Thin Film Devices. 

Pirmin Ganter, Katalin Szendrei,  

Bettina V. Lotsch. Advanced 

Materials, Volume 28, Issue 34, 

September 14, 2016 , Page 7294

NIM scientists have developed a mea-

suring device that is only a few nano-

meters in size but fulfills two functions: 

it detects very low humidity levels and 

identifies vapors of organic solvents. The 

central part of the device is a stack of na-

nolayers.

If viewed under the electron microscope, 

the research object looks like a piece of 

puff pastry: a handful of loosely stacked 

nanometer-thin layers of antimony phos-

phate. “What we have here is in fact a tiny 

and extremely sensitive measuring device 

that offers two functions. It can detect 

traces of water and, in addition, visually 

differentiate organic solvents,” explains 

PhD student Katalin Szendrei. “The wa-

ter or solvent vapor diffuses between 

the nanolayers, thereby changing their 

conductivity or color within seconds.” 

The chemist works in the group of NIM 

Professor Bettina Lotsch. Together with 

her colleague Pirmin Ganter she is lead 

author of the accompanying publication 

in the journal “Advanced Materials”.

The characteristics of the new nano-sized 

measuring device sound promising: fast, 

highly sensitive and precise measure-

ments, easy handling. And all this in a tiny 

device which is so small that it could be 

installed everywhere.

Changes in conductivity
NIM member Professor Bettina Lotsch 

explored the nanolayers both with her 

previous group “Functional nanostructu-

res” at LMU Munich and with her team 

at the Max Planck Institute for Solid State 

Research in Stuttgart. “We developed 

two types of these thin-layer films,” she 

explains. “The first construction is com-

posed of a stack of nanolayers to which 

we attached electrodes. The higher the 

humidity is and the more water mole-

cules are deposited between them, the 

more the conductivity increases. The 

measurement is so sensitive that we 

can even detect a relative humidity of 

0.2 percent.”

Detection by color change
The second detection method is based on 

the fact that volatile analytes influence 

the thickness of the nanolayer stacks and 

thus the refraction of light, that is to say, 

the color. Besides the detection of water, 

this method allows scientists to visually 

differentiate the vapors of common sol-

vents such as alcohols, acetonitrile, to-

luene or heptane. The system even dis-

tinguishes chemically similar substances 

like the constitutional isomers 1-propanol 

and 2-propanol.

Tiny measuring device for humidity and 
solvent vapors
Nanosensors

The chemists take several stacks and put ti-

tanium dioxide nanoparticles in between. 

These nanoparticles ensure a well-defi-

ned periodic arrangement of the stacks. 

The scientists then put this hybrid struc-

ture into a chamber where they expose it 

to water or solvent vapor. The molecules 

diffuse into the nanolayer stacks causing 

them to swell up. In addition, they settle 

in the free pores in the nanoparticle lay-

er. Depending on the degree of swelling, 

light with different wavelengths is reflec-

ted and interfered at the layer interfaces. 

 This results in different structural colora-

tions such as the ones we know from but-

terfly wings, opals or mussel shells. 

“By using these nanolayer-based photonic 

crystals we are the first to visually diffe-

rentiate solvent vapors with extremely 

high sensitivity using a single-component 

sensor,” explains Katalin Szendrei. “Other 

approaches require a combination of up 

to nine sensors and their statistical evalu-

ation is time-consuming.”

It will surely take some more time until a 

measuring device based on this new sen-

sor is available, but market players have 

already signaled their interest.  

Nanolayers for highly sensitive humidity sensing

Research
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Water electrolysis has not yet been 

estab lished as a large-scale method 

for the pro duction of hydro gen. Too much 

energy is lost in the process. Researchers 

have now doubled the efficiency of the 

reaction. The team includes NIM mem-

ber Aliaksandr Bandarenka, professor of 

Physics of Energy Conversion and Storage 

at the Technical University of Munich 

(TUM).

In the journal “Nature Communications”, 

the experts report how they could incre-

ase the efficiency of water electrolysis by 

modifying the electrodes. Typically, the 

latter contain platinum as catalyst in or-

der to accelerate the conversion of water 

to hydrogen and oxygen. For an ideal re-

action it is necessary that the formed in-

termediates must not adhere too strongly 

or too weakly to the catalyst surface. The 

analysis revealed that traditional electro-

des made from platinum, rhodium or pal-

ladium bind the intermediates a bit too 

strongly.

Copper leads to double yield
The teams of Prof Aliaksandr Banda renka 

and Prof Wolfgang Schuhmann from the 

Center for Electrochemical Sciences of 

the Ruhr-Universität Bochum have pre-

cisely calculated the optimal binding 

strength for the highest yield of hydrogen. 

Then the researchers modified the pro-

perties of the platinum catalyst surface 

accordingly by applying a layer of cop-

per atoms. With this additional layer, 

the system generated twice the amount 

of hydrogen than with a pure platinum 

electrode. But this was only possible if 

the researchers applied the copper layer 

directly under the top layer of the plati-

num atoms. The group observed another 

useful side effect: the copper layer exten-

ded the service life of the electrodes, for 

example by rendering them more corro-

sion-resistant.

Water electrolysis serves climate 
protection
At present, only four percent of all hydro-

gen produced worldwide is the result of 

water electrolysis. As the electrodes used 

in the process are not efficient enough, 

large-scale application is not profitable. 

“To date, hydrogen has been mainly ob-

tained from fossil fuels, with large CO
2
 

volumes being released in the process,” 

says Wolfgang Schuhmann. “If we succee-

ded in obtaining hydrogen by using elec-

trolysis instead, it would be a huge step 

towards climate-friendly energy conver-

sion. For this purpose, we could utilize 

surplus electricity, for example generated 

by wind power.”

“In addition, the research on this reac-

tion allows us to test, how well we can 

design catalyst surfaces by precisely po-

sitioning different metal atoms,“ adds 

Aliaksandr Bandarenka. „A knowledge 

many other catalytic processes might be-

nefit from.”  

Efficiency of water electrolysis doubled
Copper layer boosts activity of platinum electrodes

Publication

J. Tymoczko, F. Calle-Vallejo, 

W. Schuhmann, A. S. Bandarenka: 

Making the hydrogen evolution reac-

tion in polymer electrolyte membra-

ne electrolyzers even faster. Nature 

Communications  7, 10990 (2016)
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The news reached Professor Friedrich 

Simmel quite unspectacularly by e-

mail. But the message was stunning: 

he is awarded an Advanced Grant of 

the European Research Council (ERC) of 

around 2.3 million euros.

The awards of the ERC are among the 

most prestigious research funding sche-

mes in Europe. The generous funding 

allows scientists to start comprehensive 

and visionary research projects. Up to 

now, 16 NIM members were awarded 

Starting Grants and eight members recei-

ved Advanced Grants. 

Friedrich Simmel has been heading the 

Physics of Synthetic Biological Systems 

chair at the TUM’s Department of Physics 

since 2007. He wants to use the major part 

of the grant for adding new members to 

his team: four more PhD students and 

two post-docs. One main emphasis of the 

group is on investigating the physics of 

biological systems and developing artifi-

cial cell-like systems. The building materi-

als the group has mainly used so far are ar-

tificial DNA strands, which arrange them-

selves into molecular nano structures. 

Synthetic biology
“I would like to use the ERC grant to push 

our research further towards synthetic 

biology,” Friedrich Simmel describes his 

plans. “This means that we do not only 

investigate the structure of biological sys-

tems, but also explore the exciting questi-

on of how they self-organize. We observe 

how a cell differentiates or how it coordi-

nates processes and use this as a model to 

develop artificial systems.” The two biolo-

gical disciplines of developmental biology 

and molecular evolution provide the basis 

for this work. The physicist plans to start a 

major research project in each of the two 

disciplines.

Intelligent and dynamic: 
artificial cell clusters
The construction of artificial cell clusters 

is inspired by the findings of develop-

mental biology. Just as cells undergo 

differ entiation during embryogenesis, 

researchers intend to create an “intelli-

gent and dynamic” gel which develops 

different zones as a reaction to external 

stimuli. The reaction could be triggered, 

for example, by a specific substrate or 

chemicals that are applied to the gel.  

This project alone would actually be 

enough of a challenge. But the scientists 

already have initial ideas for applications: 

a gel which can produce different proteins 

in parallel by way of cell-free gene expres-

sion, one type at its surface, for example, 

and the other one in its core.

How does nature do it?
Research in the field of synthetic biology: Friedrich Simmel receives ERC Advanced 
Grant 

On and off: 
biomolecules as switches
In the course of evolution, cells have de-

veloped a large variety of genetic swit-

ching mechanisms. Some RNA molecu-

les can activate or deactivate genes and 

thus protein synthesis, for example. In his 

second major project, Friedrich Simmel 

plans to use RNA to develop artificial 

switches. They could control the synthesis 

or release of certain molecules in natu-

ral and artificial cells, which would make 

them suitable as diagnostic biosensors, 

for example. In such an application, the 

RNA switch would bind to modified mole-

cules inside diseased cells and, as a result, 

trigger a biochemical cascade. 

Just like in nature, scientists try to find the 

optimally performing molecules using se-

quence evolution. To that end, they vary 

the RNA’s structure and observe which 

switches react the fastest or which ones 

are easy to connect. 

A wide range of different research pro-

jects is conducted at Friedrich Simmel´s  

chair. But he tries to focus on the big pic-

ture: “To me, it is important to com-

prehend the systems of life on different 

levels: from abstract circuit representa-

tions used by physicists and engineers, 

to the chemical details of molecular swit-

ches,” emphasizes Simmel. “And I hope 

that our research contributes to building 

a bridge between these two worlds.” 

Micrometer-sized droplets function as tiny reaction vessels for biochemical processes

ERC Grant for Prof Friedrich Simmel

Research
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The building of “Nano Institute Munich” 

has reached another important mile-

stone: On December 6, 2016, after about 

one year of construction, the topping out 

ceremony took place. The building work 

is due to be completed in 2019. Then 

two chairs for experimental physics will 

move into the building with modern labs, 

a cleanroom, offices as well as common 

and conference rooms.

With the Nano Institute the Free State of 

Bavaria also wants to support the energy 

transition: Within the Bavarian research 

net work “Solar Technologies go Hybrid“ 

(SolTech), scientists will promote funda-

mental research in photo voltaics and 

photo catalysis. Dr. Ludwig Spaenle, Bava-

rian State Minister of Education and 

Cultural Affairs, emphasized at the cerem-

ony that the buil ding will offer perfect 

conditions for new findings and ideas 

within energy research, and that it shall 

contribute to expanding the cooperation 

with other renowned research centers.  

Topping out ceremony for Nano Institute
Latest laboratories for the future of energy research

Algorithms of nature
International conference on DNA Computing and Molecular Programming hosted in Munich

The basic definition of the term “com-

puter” is a device which can be in-

struc ted to solve a certain task by perfor-

ming a sequence of programmed actions. 

In this sense, a biological cell also displays 

a plethora of computer-like processes - a 

fascinating field of research at the inter-

section of biology and computer science. 

Around 200 experts in this field of research 

met in Munich in September 2016 for the 

22nd Conference on DNA Computing and 

Molecular Programming. They discussed 

the formulation of natural processes in 

the abstract language of computer sci-

ence as well as the targeted programming 

of biological systems. One example is the 

development of intracellular sensors that 

are able to identify tumor cells based on 

certain RNA patterns. 

The participants had a wide range of 

different backgrounds and the lectures 

demonstrated that bringing together 

findings from mathematics, computer 

science, natural sciences and nanotech-

nology is crucial to conducting successful 

research in this field.

Renowned speakers: the pio-
neers of DNA nanotechnology 
By tradition, an illustrious mixture of the-

orists and experimentalists meets at the 

conference. Their collaborations have of-

ten ignited or influenced innovative deve-

lopments – from DNA origami technology 

to the basics of synthetic biology.

The lectures of the two most important pi-

oneers in the field of DNA nanotechnolo-

gy, Professor Nadrian Seeman (New York 

University) and Professor Paul Rothemund 

(California Institute of Technology), were 

fascinating highlights. In addition, there 

were six outstanding plenary lectures as 

well as a conference dinner hosted on 

the Bavarian Wendelstein mountain, in-

cluding cable car ride, an excellent view 

and a guided tour through the LMU ob-

servatory. The conference was rounded 

off with the “RNA Day“, a satellite work-

shop on RNA-based nanotechnology and 

synthetic biology.

The event was organized by NIM 

Professors Tim Liedl (LMU) and Friedrich 

Simmel (TUM) and financially supported 

by the cluster. After meetings in Phoenix, 

Kyoto and Boston, the 22nd conference 

was again hosted in Europe for the first 

time in four years. It is the largest confe-

rence of this kind in Europe so far.  

Topping out ceremony at Königinstraße

Events
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Louis Reese did not change his field of 

research – the world of motor pro-

teins – when he moved to TU Delft as a 

postdoc. What he did change, however, 

was the way he conducted research: For 

his doctoral thesis at LMU’s Institute of 

Theoretical Biophysics he worked on the 

computer where he simulated how pro-

teins in cells convert energy into motion. 

Today he spends a lot of time at the la-

boratory bench handling “real” proteins, 

freshly isolated from cells. 

For him, conducting experiments crowns 

phases of intensive preparation work. “I 

ponder excessively over a problem before 

I start experimenting; I want to make sure 

I considered everything,“ Louis Reese de-

scribes his approach. “So when it’s finally 

time to start I actually feel my adrenaline 

level rise. I am as excited as if I would set 

off for a trip to the Moon any minute.”

As a postdoc he feels to be more part of 

the scientific community than before, and 

obliged to take on some responsibilities. 

His future, however, Louis Reese does not 

necessarily see in the field of science. IHe 

expects to have job opportunities where-

ver accurate quantitative approaches as 

well as precise observation and descripti-

on skills are required. 

Many of his former colleagues are now 

financial consultants, some work in the 

software sector or for Munich’s large 

technology and industrial companies. 

“Personally, I would rather orient myself 

towards a job in which I can have compre-

hensive and intensive contact with other 

people, as trainer or coach for example,“ 

Louis Reese explains. The career of one of 

his friends and former colleagues is vivid 

proof of the fact that theoretical biophy-

sicists can really work everywhere: He is a 

caramel maker now, offering vegan 

sweets.   

As exciting as a trip to the Moon
Dr. Louis Reese – Postdoc, TU Delft, Department of Bionanoscience

PhD... and then? The careers of 
NIM alumni - part 2
Towards the end of their PhD years, most students have to make some important 
decisions: industry or academics? Family or career?
In our two-part alumni series, former NIM graduate students recount their professional 
path and their experiences.

Louis Reese studies motor proteins freshly isolated from cells

Young Academics
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Kulpreet Virdi had to be patient wai-

ting for the right job. The materials 

scientist had applied mainly to vacan-

cies with a rather general job descrip-

tion; the competition from other disci-

plines was accordingly high. His current 

position, however, is cut out for him, 

and he was hired on the spot. 

While he was working on his doctoral 

thesis in the field of physical chemistry, 

Kulpreet Virdi became a specialist in 

electron microscopy. The highly complex 

electron microscope plays an important 

role in process analysis and control in 

the production of semiconductor chips, 

among other things. At Applied Materials, 

Kulpreet Virdi develops special, automa-

ted microscopes on behalf of major se-

miconductor producers, which they can 

use to detect flaws in their production 

at an early stage. Apart from working 

meticulously on specialized solutions, 

together with his colleagues he explores 

the requirements faced by microscopes 

within the next five to ten years. 

Virdi is very content with his projects: 

“Many of us work very scientifically, close 

to what we have studied,“ he reports. 

In addition, he is on excellent terms with 

his colleagues – especially as the scien-

tist born in India has diligently learned 

the native language during his PhD years 

and is now fluent in Bavarian. 

Colleagues around the globe
Dr. Daniel Fuhrmann – Test Engineer Mobile Processors (Intel, Munich)

Daniel Fuhrmann experienced first-

hand that his employer is indeed a 

global corporation when he was sent to 

participate in a training course at the Intel 

headquarters in California right after he 

started to work for the company. At the 

Munich location, too, daily routines are 

influenced by the American 

corporate culture and interna-

tionality. The working language is 

English and project teams are com-

posed of people from all over the glo-

be, across different locations. 

“I like in particular the casual form of 

address between colleagues and super-

visors,“ explains Daniel Fuhrmann.

His task as test engineer is to investiga-

te if the Intel processors work with new 

products and if the standards are obser-

ved. For this purpose, he works in the lab 

using state-of-the-art measuring devices 

and analyzes the results based on statis-

tical methods. 

Many of these tasks he knows well from 

his PhD years; other things he had to get 

accustomed to first. “The company has a 

very strict confidentiality policy, for ex-

ample. You always have to present good 

reasons for why you would like to know 

something. Unlike at the university, it is 

not enough that you just want to under-

stand it.”  

Specialist wanted
Dr. Kulpreet Virdi – F&E Electron Microscopy 
(Applied Materials, Heimstetten near Munich)

Young Academics
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One of the most fundamental questi-

ons of mankind is how life originated 

from dead matter. Generations of scien-

tists to come will still be exploring this 

question. In the last ten years, however, 

new technological possibilities signifi-

cantly advanced research. Especially the 

revolutionary biological insights gained 

in recent years and the development of 

biotechnology enable the experimental 

investigation of central questions.

The first NIM Conference on the Mole-

cular Origins of Life took place from 

September 15 - 16, 2016 in Munich. It 

pro vided a unique platform for experts to 

discuss their latest findings and brought 

together scientists from many disciplines 

such as astrochemistry, chemistry, theo-

retical chemistry, biochemistry, biophy-

sics, theoretical biophysics, and biology.

Building bridges from dead
matter to life
The experts’ overall aim is to combine 

experimental evidence and demonstrate 

a cascade of mechanisms that produce 

living and evolving systems from dead 

matter. At the conference, the speakers 

showed how lines of evidence start to 

connect hypotheses associated with the 

emergence of life: from the origin of mo-

lecules, over their long-term survival in 

rocks, the volcanic synthesis of molecu-

les, the polymerization of nucleotides, 

the replication of genetic information, 

the origin of the genetic code, the role 

of freeze-thaw cycles and mechanisms to 

amplify chirality to the formation, division 

and control of protocells. 

Prominent guests
In this first round of the conference, 

the speakers were predominantly from 

Europe and included many young and 

female scientists. In addition to about 25 

talks, the conference offered tutorial dis-

cussions that were particularly informa-

tive for the more than 100 participating 

students. One of the prominent interna-

tional guests was Marian Carlson from 

New York. She is Life Science Director at 

the Simons Foundation, member of the 

National Academy of Sciences and coor-

dinates the foundation’s worldwide colla-

borations on the origins of life. 

Successful start
The conference was initiated by the young 

Munich network “Origins of Life Initiative 

Munich” (OLIM) and funded by the 

Nanosystems Initiative Munich (NIM). It is 

the beginning of a series of short, biannu-

al conferences on experimental studies 

concerning the emergence of life. NIM 

scientist Professor Dieter Braun is one of 

the organizers and, as such, very pleased 

with the meeting: “The conference provi-

ded an excellent overview and has alrea-

dy fostered a number of cross-disciplinary 

discussions and collaborations on experi-

mental and theoretical studies”, Braun 

says. “We see this field of research as the 

natural link between nanoscience and 

biology. Understanding the nanoscience 

of molecules that are able to implement 

Darwinian evolution is central to under-

standing the origin of biology and the 

emergence of life.” 

The beginning of life on Earth
First NIM Conference on the Molecular Origins of Life

Events
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Appointments / farewells:

Hello, Goodbye
NIM welcomes as new PIs:

Honored

Friedrich Simmel and Vasilis Ntziachristos 

(both TUM) have each been awarded an ERC  

Advanced Grant in 2016. Friedrich Simmel 

works in the field of Syn thetic Bio logy. In his 

ERC project he intends to find new ways to 

create intelligent, dynamic microstructures 

from polymer gels and nucleic acids. (see 

page 4). Vasilis Ntzia christos´s project focuses 

on non-invasive approaches for biological and 

medical imaging.

The Lobachevsky State University of Nizhni 

Novgorod, Russia, has awarded an honorary 

doctorate (Dr. h. c.) to Peter Hänggi (Augsburg 

University). Together with mathematicians of 

the Russian university he studies so-called 

cold atoms. It is the 10th honorary doctorate 

for the theoretical physicist.

Aliaksandr Bandarenka (TUM) receives the 

Ernst Haage-Prize 2016. It is awarded by the 

Ernst Haage Foundation together with the  

Max Planck Institute for Chemical Energy 

Conversion in Mühlheim. The award is sup-

ported with a monetary prize of 7.500 Euros.

Thomas Carell (LMU) has recently won an 

Advanced Grant of the European Research 

Council (ERC). The funding amount of about 

2.5 million euros shall provide freedom to 

pursue particularly innovative projects. In his 

new ERC project, “The Chemical Basis of RNA 

Epigenetics”, Carell will explore how and why 

organisms chemically modify the nucleoside 

subunits of the nucleic acids DNA and RNA.

Prof. Olivia Merkel

(W2 professorship, Pharmaceutical 

Technology, Department of Pharmacy,  

LMU Munich)

Prof. Chase Broedersz

(W2 professorship, Statistical and Biological 

Physics, Faculty of Physics, LMU)

Prof. Thomas Weitz

(W2 professorship, Physics of Nanosystems, 

Faculty of Physics, LMU)

Paolo Lugli has been appointed Rector of the Free University 

of Bozen-Bolzano.

Oliver Eickelberg has been appointed head of the „Division 

of Pulmonary and Critical Care Medicine“ at the University of 

Colorado School of Medicine, Denver. 

José Garrido has accepted a call to a professorship at the Ca ta-

lan Institute of Nanoscience and Nanotechnology in Barcelona.

Sebastian Gönnenwein has accepted a call to a professorship 

in Solid State Physics at TU Dresden.

Stefan Ludwig moved as a group leader to the Paul Drude 

Institute for Solid State Electronics (PDI) in Berlin.

David Hunger has accepted a call to a professorship at Karls-

ruhe Institute of Technology (KIT).

Nicolas Bézière has left the chair of Prof. Ntziachristos.

Jessica Rodríguez-Fernández has left the chair of Prof. 

Feldmann. 9

Dina Fattakhova-Rohlfing accepted a professorship at Research 

Center Jülich and the University of Duisburg-Essen.

People at NIM



Living cells are complex and active sys-

tems: proteins move around, genetic 

material is copied, some cells even con-

tract and migrate as a whole. What a 

relief for theoretical biophysicists that 

they can develop their theories with the 

help of artifical, greatly simplified cell 

models. Chase Broedersz, professor for 

Theoretical Biophysics at LMU München 

and NIM member since September 2015, 

confirms this idea: „Breaking a system 

into parts and rebuilding it from just one 

or two components - this is something 

physi cists love.” With a smile he adds: 

“Be cause it´s not as messy as real biolo-

gy.”

Biophysics - a playground for 
scientists
Broedersz studied physics in Amsterdam 

and spent four years as a Lewis-Sigler 

Fellow at Princeton University. Early on, 

biophysics caught his attention: “When 

I started my PhD, biophysics was still a 

playground with big empty spots that 

needed to be defined,“ says Broedersz 

as he explains his choice of discipline. “It 

is very exciting to contribute to shaping 

a field. But, primarily it was the type of 

questions that really appealed to me.”

The 32 year-old Dutchman currently fo-

cuses on three topics. The first deals with 

non-equilibrium dynamics in biology and 

has been motivated by the question: 

“How can I tell whether a system is out 

of thermal equilibrium simply by looking 

at it?”. Broedersz and coworkers have 

developed a tool to identify and quantify 

active dynamics in cells and tissues. One 

example is the erratic non-periodic mo-

vement in cilia of epithelial cells. In 2016 

they published their results in the top-

ranking journal Science. 

The organisation of chromosomes in 

bacteria is his second field of interest. 

Recently experiments have proven that 

chromosomes don´t organize and fold 

up randomly inside the cell, but there 

appears to be a defined pattern. Being a 

theorist, Chase Broedersz wants to un-

cover the physical principles behind this 

pattern and organization: „Often you 

know the model, but you have to work 

really hard to figure out how the model 

behaves to compare it to data. For chro-

mosomes we frankly have no clue what 

the right model is, and so I´m interested 

in approaching this the inverse way - to 

directly extract a model from an experi-

mental data set.” Cell dynamics and cell 

migration is the third research field. The 

A huge playground for scientists
Chase Broedersz – The theory behind the lively bustle of cells

contraction of cells is largely caused by the 

intra cellular motorprotein myosine which 

can shift the filaments of the cytoskeleton 

against each other. 

Broedersz and his team are working on 

developing a theory for such contraction 

to ultimately investigate how collections of 

cells contract a whole tissue. Their results 

were published 2016 in a cover story of 

PNAS, and indicated a process that works  

a bit like an amplifying lever arm in con-

ventional mechanical systems: They found 

that total stress in the tissue can be many 

times larger than the sum of the single cell 

forces. 

A highly unusual proof of concept
During his time in Princeton, Broedersz 

and one of his students used an unusual 

approach to show that theoretical models 

can be used in a wide range of applications. 

They had the idea to apply the well-known 

“Ising model” from statistical physics to 

big data from social science. Focusing on a 

rather unconventional data set, they used 

the Yes-No votes of the nine judges that 

form the US Supreme Court. The questi-

on was: Can I get any information from 

these data about which jugde is the most 

influential? Their results showed that this 

is indeed possible to some extent. The 

project gained a lot of attention and press 

coverage when presented at the American 

Physical Society Meeting.

The time is ripe
These examples show how broad the re-

search in theoretical biophysics can be. 

All the more important it is not to get lost 

within the many fascinating questions in 

science. So in his new position as a profes-

sor, Chase Broedersz has the challenging 

task to lead the research of his team into a 

promising direction. 

“I think that good scientists have a sixth 

sense when the time has come for a cer-

tain question: It´s when data and technical 

possibilites have reached an adequate le-

vel. Often several scientists ask themselves 

the same question at the same time. Then 

the time is just ripe. And at this point it is 

important to aim to be the first and the 

best“. 

People at NIM
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Professor Thomas Weitz found the ele-

gantly curved corner seating made of 

light wood adorning the meeting room 

in the classified ads. It exudes a whiff of 

lounge atmosphere and, together with 

the espresso machine and a view of the 

green inner courtyard of the LMU’s main 

building, makes people want to linger – to 

relax and to talk about science “Discussing 

topics with PhD candidates and students 

is very important and a pleasure for me,” 

explains the 36-year-old physicist. “For 

instance, when we think about how to 

proceed after the first results.”

In December 2015 he started work with 

his research group “Physics of nanosys-

tems” in the reputable “Sommerfeld-Kel-

ler“ at Munich’s LMU. He and cur rent  ly 

four team members explore two topics: 

organic semiconductors and quantum 

phenomena in two-dimensional materi-

als such as bilayer graphene.

Back to basic research
Thomas Weitz is a returnee to the world 

of basic research. After studying Physics 

in Heidelberg, doing his PhD at the Max 

Planck Institute for Solid State Research 

in Stuttgart and a postdoctoral period at 

Harvard University, he was working in in-

dustry for five years. As laboratory head 

at BASF he developed new materials for 

organic transistors together with experts 

from various disciplines. The research 

goal was clear: to produce results which 

can be put into practice as quickly as pos-

sible. One example was the production 

of semiconductor transistors for flexible 

displays. Thomas Weitz enjoyed his work 

and projects, but there was still the desi-

re to do more in-depth research. The call 

back to university was therefore much to 

his delight.

Tricky sample preparation
In order to produce organic semicon-

ductors and explore them from scratch, 

Thomas Weitz and his team of six scien-

tists need two things to start with: very 

pure material and the ability to prepare it 

optimally for their planned experiments. 

Buying the chemicals in powder form is 

not a big deal, but the preparation of the 

samples is tricky. The choice of solvent, 

for instance, influences whether the 

semiconductor grows as well-ordered 

(which is intended) or as disordered, po-

lycrystalline layer. The consequences on 

conductivity are dramatic – because in a 

polycrystalline structure conductivity is 

influenced by the disorder and not by the 

inherent material properties.

A sandwich made of graphene
The second major topic the physicist deals 

with are two-dimensional materials such 

as bilayer graphene. He wants to find out 

why it matters to electrons whether they 

move through one layer of carbon atoms 

or two. The interaction of the two layers 

seems to have a significant effect on the 

electrical properties of graphene. “If we 

apply a weak electric field to two layers of 

graphene instead of one, the resistance, 

for example, goes haywire,” reports Tho-

mas Weitz. 

The world’s thinnest bridge
In order to identify the reasons for this 

and other phenomena, the physicists 

must first eliminate disruptive factors, 

e.g. interactions with the surface on 

which the graphene is positioned. That’s 

why the scientists skillfully etch away the 

underlying substrate. Like a bridge, the 

graphene then hangs freely between two 

electric contacts. 

Apart from the electric field, the scien-

tists also vary the density of the charge 

carriers and the temperature. “It would 

also be fascinating to stamp different 

two-dimensional materials onto each 

other,” explains Thomas Weitz. “Because 

this way you could design an entirely new 

material.”

The physicist has a plethora of ideas – and 

a team full of committed members. Best 

preconditions, that is, to trace the myste-

rious properties of graphene. 

A trace of carbon
Thomas Weitz – Quantum phenomena 
in graphene / organic semiconductors

Thomas Weitz studies the electrical properties of a graphene sample with the help of a 

probe station.

People at NIM
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Outlook

Picture Credits

July 26 - 28, 2017
NIM conference „Nanostructured functional materials for 
sustainable energy provision“
Literaturhaus München

August 29 - September 1, 2017
NIM conference “Resonator QED”
Kardinal-Wendel-Haus München

September 4 - 9, 2017
3rd International Conference on Enhanced Spectroscopy
LMU Campus Großhadern

September 10, 2017
NIM NanoDay
LMU main building, Geschwister-Scholl-Platz

May 2, 2017
NIM conference “Young Ideas in Nanoscience”
Künstlerhaus am Lenbachplatz, Munich

p. 5 - Portrait Paul Rothemund: Stanford University

p. 5 - Portrait Nadrian Seemann: New York University

p. 9 - Portrait Leonhard Möckl: LMU

Great Assembly Hall of LMU: 

An elegant venue for the physics comedy show 

and talks at the NIM NanoDay
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About NIM

Since its foundation in 2006, the Nanosystems Initiative 

Munich – NIM, for short – has established itself as a leading 

international nano center. The design and the control of artificial 

and multifunctional nanosystems are the keystones of the scien-

tific program of the Cluster of Excellence, which brings together 

scientists from nanophysics, chemistry and the life sciences. 

The integration of these functional nanosystems in complex 

and realistic surroundings is the central research aspect at NIM 

within its second funding phase of the Excellence Initiative. 

Artificial nanosystems have a wide range of potential applica-

tions in areas like information technology and biotechnology, as 

well as in the efficient use of solar energy.

Imprint
Publisher
Nanosystems Initiative Munich (NIM)
Coordinator: Prof. Thomas Bein
Schellingstraße 4
80799 München
Tel.: 089 2180 5091

www.nano-initiative-munich.de

Editor
Dr. Birgit Ziller (V.i.S.d.P.), birgit.ziller@lmu.de

Graphic Designer
Christoph Hohmann, christoph.hohmann@lmu.de

Translation
Maria Schregle: www.schregle.de


