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TITLE: 
A doctoral student of the Graduate School MAINZ demonstrates 
how to measure magnetic circular dichroism, a specific prop-
erty of layers of magnetized metals, using a femtosecond laser. 
Exposure to the laser beam in a vacuum chamber (see reverse 
of this brochure) causes a magnetic layer of metal to emit elec-
trons that are captured by a positively-charged metal plate for 
the purpose of detection. A better understanding of the circular 
dichroism properties of layered magnetic metals will aid in the 
development of improved materials for constructing smaller 
and more rapidly reacting storage media, such as hard disks.
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Following the success in the first phase of the Excellence Initia-
tive, Johannes Gutenberg University Mainz (JGU), Max Planck 
Institute for Polymer Research and University of Kaiserslautern 
together founded the Graduate School Materials Science in 
Mainz (MAINZ). The school is now competing for further sup-
port in the second phase of the Excellence Initiative. We inter-
viewed Prof. Claudia Felser, MAINZ’s director, about the school’s 
innovative educational approach, its success to date and its fu-
ture prospects to 2017 and beyond.

 Ms Felser, it was in autumn of 2007 that you  
founded the Graduate School MAINZ. What has 
happened at the school since then?

We have improved the quality of the education – more 
than 50% of our doctoral students graduate with dis-
tinction. This is five times the average compared to the 
natural sciences at JGU. And we have extended and 
strengthened international collaboration of the school. 
For example, we have managed to establish close ties 
with Stanford University, Princeton University, IBM’s 
Almaden Research Center, and MIT. We have part-
nership agreements with Peking University, the Uni-
versité de Bourgogne, and also a joint postgraduate 
program with Seoul National University. These part-
nerships allow us to offer joint educational events, 

such as summer schools and workshops, from which 
our postgraduates can directly benefit.

 The school now offers a new approach to post-
graduate education in materials sciences. What 
are its special features?

One of the main characteristics of our program is that 
students are supervised by a team of up to three expe-
rienced researchers. A major role is played here by an 
external mentor working in an academic research field 
or in the industry, as they can add completely new per-
spectives to a project. With the help of their mentors 
and supervisors, doctoral students set up an individual 
“Career Development and Training Plan” that is re-
viewed at regular intervals and updated as necessary. 
In addition, doctoral candidates are encouraged to 
regularly present their research project and progress 
to their colleagues at the school. Another innovation 
is that we offer our students the option of spending a 
research period of up to one year in an academic insti-
tute or corporate facility abroad, and many doctoral 
candidates take advantage of this opportunity. Through 
subsidized attendance at conferences, participation in 
our summer schools and our mentoring program we 
enable our students to form their own network. 

And has your new approach been successful?
It has been very successful! The 80 doctoral candi-
dates currently studying with us have their own, indi-
vidual international networks. It is largely by virtue of 
our approach that our candidates only need less than 
three years on average before they are awarded their 
doctorates by the graduate school. We already have 
our first spin-off: the Journal of Unsolved Questions, 
in which details of unsuccessful research projects are 

published. Additionally, this journal represents a con-
tribution to the debate on current publishing practices 
and the question of honesty in science. 

What are your plans for future years?
We are seeking to bring about a brain gain from inter-
national elite universities. MAINZ is to become one 
element of an international excellence network and for 
this reason, we are planning to introduce a Master’s 
degree program in Materials Science at JGU that will 
be taught in English and will complement the curricu-
lum at the graduate school. We also hope to be able to 
extend our ties with industry and commerce which will 
be reflected in our training by introduction of modules 
relevant to applied research and development..

 Assuming your proposal is also successful in the 
second phase of the Excellence Initiative, what 
will happen when the financial support provided 
by the Excellence Initiative ends in 2017?

Our school is a role model for the training of doctoral 
students throughout JGU. The plan is to integrate the 
school in the Center for Young Researchers, which will 
be established as part of JGU’s Institutional Strategy. 
Beyond the second funding period, MAINZ will re-
ceive an additional fixed annual budget by JGU and 
the State Rhineland-Palatinate. This enables us to 
pursue graduate education at this high level beyond 
the second phase of the Excellence Initiative. Further- 
more because around 60% of all students of the 
school are financed from resources other than the 
German Research Foundation, it seems unlikely 
that we will encounter funding problems after 2017. 

Interview: Jonas Siehoff

“THE GRADUATE SCHOOL MAINZ WILL BECOME PART  
OF AN INTERNATIONAL EXCELLENCE NETWORK”

Prof. Claudia Felser, Director of MAINZ
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The Graduate School of Excellence Materials Science  
in Mainz (MAINZ) is an international doctoral pro-
gram currently composed of roughly 80 doctoral stu-
dents. The program is conducted by excellent scientists 
from Johannes Gutenberg University Mainz (JGU),  
Max Planck Institute for Polymer Research (MPI-P) 
and University of Kaiserslautern (TUKL).
As part of the Excellence Initiative, MAINZ has been 
awarded a federal grant (2007-2012) as one of the 
few doctoral programs in the interdisciplinary area 
of Chemistry, Physics, and Biology.
Our three-year training program focuses on labora-
tory-based research training supported by summer 
schools, seminars, secondments abroad, conferenc-
es, complementary skills workshops, and colloquia 
that supply the intellectual framework necessary to 
become an independent scientist. Networking is one 
of the key aspects of the program reflected in all 
training offered. This aspect is embodied in our men-
toring program, which provides our doctoral stu-
dents early contact with the international scientific 
community and the industry.
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FACTS & FIGURES

DOCTORAL DEGREES CONFERRED

GRADING OF DOCTORAL 
DEGREES 2008-2010  
(IN %)

Department of Physics, TUKL 23 66 11

Department of Physics, JGU 13 78 9

Department of Chemistry, JGU 17 75 8

MAINZ 49 51 -
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JOURNAL IMPACT FACTOR

AVERAGE JOURNAL IMPACT FACTOR OF ALL  
JOURNALS COMBINED WHERE PAPERS OF OUR 
PhD STUDENTS WERE PUBLISHED (INCLUDING 
FIRST AND CO-AUTHORSHIPS)

2010 6,20

2009 4,66

2008 5,22

DURATION OF PhD

AVERAGE DURATION OF PhD THESES COMPLETED 
BETWEEN 2008 AND 2010 (IN YRS):  

 
   
MAINZ 3,24

Department of Chemistry, JGU 3,70

Department of Physics, JGU 4,34

Department of Physics, TUKL 4,30

NUMBER OF SUMMER AND WINTER 
SCHOOLS ORGANIZED BY MAINZ

2008

6

2009

4

A substantial number of our summer and 
winter schools is organized in cooperation 
with our international partners showing the 
increasing internationality of our program.

ON AVERAGE EVERY 4TH PhD STUDENT SPENDS A SECONDMENT ABROAD
THE AVERAGE DURATION OF A SECONDMENT IS 13 WEEKS

LOCATION OF CONFERENCES VISITED (IN %)

                 Germany    Abroad

44 56

PUBLICATIONS

TOTAL PUBLICATIONS OF MAINZ PhD STUDENTS 
BETWEEN 2008 AND 2010:  

         ALL FIRST AUTHOR CO-AUTHOR

226
149

77

 

SECONDMENTS BY CONTINENTS:

17%  EUROPE
46%  NORTH AMERICA
3%  SOUTH AMERICA
26%  ASIA
8%  AUSTRALIA

COOPERATION AGREEMENTS:

Seoul National University, Korea 
Peking University, China
Université de Bourgogne, Dijon, France

INCREASING NUMBER OF FEMALE MAINZ PhD 
STUDENTS (IN %)

 

2010 64 36

2009 67 33

2008 72 28

2010

6

CONFERENCE PARTICIPATION 2008-2010
TOTAL NUMBER: 138

PRESENTATIONS AT CONFERENCES (IN %)
 
 
  POSTERS  TALKS
2010  58        42
2009  72        28

2008  76        24
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2008 2009 2010

Granting of the 
Graduate School MAINZ 
Excellence Initiative, Oct. 2007

Official Opening Ceremony of the 
Graduate School MAINZ, Apr. 2008 

Gutenberg Research Award 2008: 
Stuart Parkin, Nov. 2008

MAINZ PhD Student Workshop, Lyviv, 
Ukraine, Aug. 2009

Summer School “Novel Superconductors” 
in Cooperation with UCSB/Materials 
Research Lab, Santa Barbara, Aug. 2009

Gutenberg Lecture Award 2008: 
Michele Parrinello, Aug. 2008

Start of the Lecture Series  
“Materials and Energy”, Apr. 2009

Gutenberg Research Award 2009: 
Christopher K. Ober, Aug. 2009

Gutenberg Lecture Award 2009:  
Alex Zunger, Nov. 2009

Winter School “Photoemission”,  
in Cooperation with Université de Bourgogne, 

Dijon, Feb. 2010
 

Retreat of the Graduate School MAINZ,
Schmitten, Germany, April 2010

TIMELINE

Photos: MAINZ, Lena Giovanazzi, Thomas Hartmann, Roland Ruffing, Daniela Schmitter
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2010 2011

Gutenberg Lecture Award 2010:
Krzysztof Matyjaszewski, June 2010

Gutenberg Research Award 2010: 
Shoucheng Zhang, July 2010

First MAINZ PhD Student Workshop, 
Geseke, Germany, July 2010

Summer School “Spintronics”,
in Cooperation with Stanford University 
and IBM Research, Almaden, 
Watsonville, Aug. 2010 
 
Start of the Lecture Series  
“Materials and Industry”, Aug. 2010

Gutenberg Lecture Award 2011:  
Robert J. Cava, Apr. 2011 

Start of the Lecture Series
“Publish or Perish”, Apr. 2011

Podium Discussion, “How Do Current Publica-
tion Practices Influence Science?”, May 2011

Gutenberg Research Award 2011: 
Michael Grätzel, July 2011

Summer School “Quantum  
Properties” in Cooperation with 
the University of Trieste, Venice, 
May 2011
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NORTH AMERICA

Princeton University
Stanford University
UC Santa Barbara
IBM Research, Almaden

ASIA

Seoul National University, Korea
Tohoku University, Sendai, Japan
Peking University, China

MAINZ AND LOCAL AREA

Boehringer Ingelheim

IBM

BASF

Max Planck 
Graduate Center Schott

MPI for Chemistry

MPI for Polymer Research

Siemens

Bosch IMM

University of Kaiserslautern

NETWORK OF MAINZ
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For more than ten years, Johannes  
Gutenberg University Mainz (JGU) has 
been investing heavily in the development 
and design of its programs aimed at cul-
tivating the talents of young researchers.  

Recognition of the program’s success in promoting  
new academic talent in selected fields has been  
acknowledged by, for example, the Center for Higher  
Education Development (CHE) and the German  
Science Council among other organizations – which 
consistently place our development programs in the 
top group of various ranking and rating systems. By 
virtue of its central areas of research, JGU is now 
rapidly becoming an internationally recognized and 
highly competitive research venue for young aca-
demics not only from Germany but also from abroad. 

Here, doctoral degree candidates will find the free-
dom and the supportive infrastructure they need 
to conduct their research and to develop their long-
term career prospects. One of the most outstanding 
examples in this context is our Graduate School of 
Excellence Materials Science in Mainz (MAINZ), 
the flagship institution of our system for structured 
and targeted advancement of young academics. 
JGU is fully committed to the successful model em-
bodied in MAINZ, which is based on three fundamen-
tal cornerstones:

•  Maintenance of the very highest academic quality 
with seminal research concepts for the development 
of materials with new functional properties.

•  Extensive cooperation with partner universities, 
such as Princeton, Stanford and Seoul National Uni-
versity.

•  Close collaboration with partners from the business 
community and the conversion of academic theory 
into future technology.

MAINZ also benefits significantly from our universi-
ty’s governance structures. One example: The appoint- 
ment of Stuart Parkin as a fellow of the Gutenberg Re-
search College (GRC) involves not only an intensifi-
cation of our collaboration in the field of spintronics 
with this eminent experimental physicist from IBM 
Almaden and associate professor at Stanford. The 
GRC fellowship also provides two doctoral candidates 

from the Graduate School MAINZ with the opportu-
nity of having Professor Parkin serve as their mentor.  
This includes periodic research stays abroad, prin-
cipally with IBM in California, where Parkin serves 
as an IBM Fellow and manager of the Magneto- 
electronics Group at IBM Almaden. I consider a prime 
example of the application of best practices the way in 
which the Graduate School MAINZ is able to combine 
training in a superior academic environment with high 
quality international networking and exclusive men-
toring, enabling students to plot out the course of their 
future careers at an early stage.
At the same time, the standards of quality employed  
by MAINZ provide impetus to the development of 
young academic talent at JGU – impetus that has also 
found expression in the Center for Young Researchers –  
through its mentoring programs, in particular for  
foreign (post-)doctoral candidates, through its career 
support for doctoral students, and through the alloca-
tion of tenured posts to distinguished academic talent.

The Graduate School Materials Science in Mainz is an 
example of an institution with a highly competitive fu-
ture in the international sector that can serve as a role 
model far beyond the confines of Johannes Gutenberg 
University Mainz.

Prof. Georg Krausch
President of Johannes Gutenberg University Mainz

EXPANDING OPPORTUNITIES FOR EXCELLENCE –
YOUNG ACADEMICS ON THE WAY TO THE TOP

Photo: Thomas Hartmann



As the world moves 
towards a society in 
which “information and 
communication are  
everywhere”, nanoscale  

devices for information technology, 
healthcare, energy, and communication 
become ubiquitous and are key enablers 
of the fast pace at which technological  
development improves our lives. To 
address this phenomenon, the Graduate 
School of Excellence Materials Science 
in Mainz focuses on four different  
research areas. These are: Model  
Systems and Correlated Matter,  
Bio-Related Materials, Functional  
Polymers, and Hybrid Stuctures. These 
different research areas are linked with 
one another by means of red threads –  
represented in this report by Theory, 
Nanoscience, and Energy.

ReseaRch aReas 
and 
Red thReads

Doctoral students of the Graduate School Mainz conducting 
an experiment with a liquid nitrogen-cooled superconductor 
(black platelet). Cooling of the superconductor generates 
an electromagnetic field that is strong enough to suspend 
a magnet.

ReseaRch aReas
Model SySteMS and Correlated Matter
At its most fundamental level, each type of material is governed by the laws of quantum mechanics. Many of the peculiar properties 
of highly advanced materials emerge directly from the quantum-mechanical properties of their constituent elements. For instance, the 
spin of the electron is responsible for many fascinating phenomena such as ferromagnetism and superconductivity. All these effects lie 
at the heart of modern information technology, electronics, and sensor devices. To design new materials, a detailed knowledge of their 
electronic structure is required. As electrons in solids and molecules often interact in a complicated “correlated” manner with each 
other, only a strong exchange between theory and experiment can lead to a deeper understanding of the underlying correlations. This 
interplay between experiment and theory is complemented by the study of model systems such as ultra-cold quantum gases, where 
specific problems can be studied under closely controlled conditions.
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“I am searching for new superconducting materials and am particularly interested in 
whether it is also possible to transform magnetic materials into superconductors. Thanks to 
its ties with Princeton University, the Graduate School MAINZ provides me with excellent 
prerequisites when it comes to realizing my project. In Mainz I have access to an excellent 
array of analytical devices while researchers in Princeton have a wealth of experience in 
the synthesis of superconductors. My regular trips to the USA are funded by MAINZ.”

Leslie Schoop, age 25, a doctoral candidate being supervised by Prof. Claudia Felser since March 2011
« «
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ReseaRch aReas
Bio-related MaterialS
In recent years, MAINZ research directed at bio-related materials has increased significantly. It is therefore anticipated that 
ties to medical research will be strengthened in the future. Accordingly, one major challenge for the future development of 
MAINZ is to continuously integrate biomedical research into its research portfolio.  Bio-related materials research in MAINZ 
addresses a wide range of topics. The specific recognition capabilities of biological constituents (proteins, DNA) are utilized 
in order to create new bio-hybrid materials. Materials for biomedical applications comprise biocompatible and biode- 
gradable polymers, polymer-protein/antibody, polymer-drug conjugates, and polyelectrolyte complexes for DNA transfec-
tion. Imitating biological matter may lead to the design of new materials through “learning from nature”. This includes 
super-hydro phobic surfaces mimicking the lotus effect or biomimetic active surfaces with smart adhesive properties. 

«
MAINZ · Excellence · 12



«

The van der Waals force exerted by the tiny hair on 
the feet of geckos allow that these lizards can even 
cling to polished glass sheets. Materials scientists are 
trying to mimic these hair in an attempt to develop 
new forms of adhesive strips.

“I’m analyzing the properties of molecular complexes that can be used to insert healthy 
DNA in cells with genetic defects. We have not yet identified any complexes that are 
capable of achieving this perfectly. The interdisciplinary and international approach at the 
Graduate School MAINZ provides me with ideal conditions for my research. For example,  
it allows me to exchange information with other doctoral students during summer schools  
and to learn a vast amount from others.”

Angel Medina, age 28, a doctoral candidate being supervised by Prof. Manfred Schmidt since October 2008«
MAINZ · Excellence · 13



Doctoral students of the Graduate School 
MAINZ discussing polymers that have been 
coupled with dyes. These molecules can be 
used to study the absorption processes of 
cells.

ReseaRch aReas
FunCtional PolyMerS
Macromolecular structures offer a myriad of possibilities for the tailoring of the macroscopic properties of polymer  
materials. This is due to their multiscale nature, i.e., the order of multiple length scales ranging from the monomer structure 
and the macromolecular architecture of single chains (monomer sequence, tacticity) to longer range ordering phenomena  
governing chain assemblies and microphase segregation. Multiscale order is demonstrated perfectly in nature, where  
precisely defined macromolecules form highly ordered functional entities in natural polypeptides and polysaccharides. In 
addition, the processability of polymers offers access to an immense variety of morphologies and shapes. All the above -
mentioned facets of polymer science, ranging from topics as diverse as nanometer size colloids for drug delivery to novel 
materials for electronic applications, are investigated within the context of MAINZ.
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“I am synthesizing molecules whose purpose is to transport active drugs through the human body so  
that these drugs target, for example, cancer cells. At the Graduate School MAINZ, I am being provided 
with excellent opportunities for familiarizing myself with various methodologies and also have a chance 
to take a look into topics outside my area of research. To date I have also been able to present my findings  
at three major international conferences – in Krakow, San Francisco and Anaheim. This is a tremendous 
boost when it comes to my personal development; and it has also given rise to a new project.”

Anna Maria Hofmann, age 27, a doctoral candidate being supervised by Prof. Holger Frey since November 2008
« «
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ReseaRch aReas
HyBrid StruCtureS 
Current devices employing semiconductors face severe limitations, prompting the need for alternative approaches that 
combine the principal properties of different classes of materials in order to obtain novel functionalities. With recent 
progress in inorganic and in particular organic/polymeric and even biological systems, new integrated hybridized materials 
systems have emerged that, combined with advanced device architectures and innovative fabrication processes, provide 
devices with enhanced performance and unprecedented flexibility. Examples include new types of low power and low cost 
electronic circuits for logic, storage and sensing devices or efficient solid-state lighting, and alternative energy generation 
and storage. To exploit the advantages of hybrid technologies, MAINZ provides the appropriate environment for collabora-
tive efforts between previously disparate communities, such as synthetic chemists working with condensed matter physi-
cists, seeking to design organic spintronic devices, or systems biologists working with personnel at the Technology Platform 
Mainz to explore the interface between inorganic electronics and cells.

MAINZ · Excellence · 16
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«
Christopher Hauke, age 27, a doctoral student being supervised by Prof. Angelika Kühnle since April 2010 «“In my project, I am looking at the structures formed on non-conducting surfaces by electrically conducting 

molecules by means of the effect known as molecular self-assembly. I hope that the results of my work will one day 
contribute towards the creation of even more powerful computer chips. It is extremely important for me that I have 
contacts with other research groups so that I can gain new insight into my own findings – and it is here that MAINZ 
really delivers. What appealed to me most about completing my doctorate here, and one aspect I also consider to be 
beneficial for my future career, are the contacts that the school has with industry.”

A doctoral student of the Graduate School Mainz using a 
photoelectron spectrometer to investigate the electronic 
properties of a sample of a new type of organic conductor. These 
organic conductors are being synthesized in an interdisciplinary 
program in which the graduate school is collaborating with the 
Max Planck Institute for Polymer Research.
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ReD ThReaDs
tHeory 
Modern research in materials science benefits from the productive interaction of theory and experiment. The range of theo-
retical techniques employed is very broad and comprises quantum chemistry, solid-state theory, and molecular-dynamics 
simulation, to name only a few. In order to sucessfully employ computations in materials science, it is essential to develop 
the underlying methodologies further. In addition, these methodologies must be implemented efficiently, thereby taking 
advantage of existing as well as future computational resources and technologies. An important focus is “strong electron 
correlation”, which represents a challenge in the treatment of molecules, requiring so-called multi-reference approaches, 
as well as materials in which the correlated nature strongly affects the properties at interest.
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« «“Theoretical chemistry is a discipline that is particularly interested in the precise 
details of what actually goes on inside a test tube. We try to predict how 
molecules will react on the basis of fundamental physical equations. But real 
innovation can be found in the area where theory and experimentation interact. 
MAINZ has given me the opportunity to come into contact with experimenters 
who inspire me with their findings.”

Leonie Mück, age 25, a doctoral student being supervised by Prof. Jürgen Gauß since January 2010

A discussion between doctoral students of the Graduate 
School MAINZ about equations for a computer program 
designed to determine the behavior of molecules.
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ReD ThReaDs
nanoSCienCe 
Many properties of materials change profoundly when confined to spaces measured in nanometers. Nanometer sized ob-
jects are large enough to contain as many atoms that one can disregard the individual atomic structure. And yet, electronic, 
magnetic, mechanical, and optical properties can differ fundamentally from those of extended or bulk materials of the same 
composition. An example can be found in the vivid colors produced by gold nanoparticles suspended in water – which  
differ remarkably from the yellow color of bulk gold. The physical effects causing such unusual behavior are still puzzling 
to researchers and are the subject of intense research. Many classic materials like cement, steel, or ceramics are structured 
on the nanometer scale as well and their continued development is of great importance. However, the most exciting aspect 
of nanoscience is the effort to create entirely new structures with very unusual properties, like those of varicolored gold. 
For the researcher this means exploring uncharted territory and involves a stimulating exchange between the development 
of new approaches to create nanostructures, the observation of physical effects of nanostructures, and formulating ideas 
about the effects that could be created thereby.
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Because of their color effects, nanoparticles of some metals 
can be used as indicator substances. To the right two 
suspensions of silver particles can be seen, that assume a 
green or purple coloration depending on the incidence of 
the light passing through them. On the left is a suspension 
of gold particles that has changed the color following the 
addition of a saline solution.

While working on my doctorate, I synthesized gold nanoparticles and studied their optical 
properties. In the future, it might be possible to analyze blood samples for specific proteins and 
antibodies using such particles. While at MAINZ, it was particularly important for me that there 
was the opportunity to meet many researchers from other work groups and to interact with 
other doctoral students. Therefore, if  you want to try out an analytical method developed by another 
institute participating in MAINZ, one should already having the necessary personal network.”

Inga Zins, age 27, concluded her doctorate in March 2011 and was supervised by Prof. Carsten Sönnichsen «
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ReD ThReaDs
energy
There is no doubt that the design of new materials for applications in the field of renewable energy is one of the most  
important challenges in materials science. MAINZ tackles this challenge on all levels. In our virtual, we design new materi-
als and interfaces with appropriate electronic properties. Inorganic materials are required, for example, in high temperature 
thermoelectric applications (where wasted heat can be converted into electrical power) and for easily processable, highly 
efficient solar cells. Solar cells based on organic materials are sustainable, cheap, and flexible. Composites of organic and 
inorganic materials combine the best of both worlds: flexibility and stability. Nano-engineering (designing particles on the 
scale of billionths of a meter) can produce substances with unique properties that will boost the production of renewable 
energy. On the other hand, the best solar cells are produced in nature and therefore the design of bio-inspired materials for 
energy applications is an important research area of MAINZ.
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In a research project in collaboration with the company 
Schott Solar, doctoral students of the Graduate School 
MAINZ are looking at increasing the efficiency of thin-
film solar cells and the development of more resource- 
conserving and cost-effective methods of production. 
Shown here is the measurement of the spectral sensitivity 
of a solar cell, the factor that determines how light is 
converted to electrons in a photovoltaic cell.

“Using computer simulations, I am trying to understand to what extent specific conditions 
influence how atoms arrange themselves in the absorber layers of solar cells. The properties 
and thus the efficiency of a solar cell are determined by this arrangement. I have a whole 
raft of benefits thanks to studying at MAINZ, one example being that the school has already 
financed my research stay at IBM’s T.J. Watson Research Center in New York, where I had 
access to the center’s supercomputer.”

Christian Ludwig, age 29, concluded his doctorate in June 2011 and was supervised by Prof. Claudia Felser
« «
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RESEARCH HIGHLIGHTS OF MAINZ 

While excellent research is the heart of our graduate school, training is the focus of MAINZ. 
Since it would be beyond the scope of this summary to illustrate the research programs being 
conducted through MAINZ in their entirety, we have instead selected a few research highlights, 
a digest of important publications by our young researchers and a selection of high impact 
papers from our principle investigators, which will hopefully give you a taste of the work going 
on at MAINZ. 
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Organic spintronics

Organic semiconductors are a family of materials characterized by 
extreme flexibility, tunability, easy manipulation and low-cost pro-
duction. Research on those materials developed strongly in the last 
decades, especially in the field of optoelectronics. Devices based 
on organic semiconductors, like OLED display or organic photovol-
taic cells are already available on the market. Recently, significant  
efforts have been made to integrate organic semiconductors in the 
field of spintronics, where information is stored and transported 
by an intrinsic property of the electrons: the spin. The first step to 
build an “organic spintronics” device is to “inject spins” from a 
source (in general a ferromagnetic metal) into the organic material 
itself, i.e. to bring the spin from the ferromagnet - where spins are 
naturally “available” – into the organic molecules. Since standard 
spectroscopic methods conventionally used to characterize inor-
ganic semiconductors fail when applied to their organic counter-
part, the question whether or not spin polarized electrons can be 
injected in the organic could not be answered until now. In their  
article, Cinchetti el al. demonstrated the feasibility of extremely 
high spin injection efficiency into an organic semiconductor by 
using a purpose made spectroscopic technique. They provide a 
quantitative basis for studying the mostly unknown mechanisms 
responsible for spin-relaxation in organic molecules and for the 
optimization of organic spintronics devices.

Molecular self-assembly on Insulators: 
supramolecular architectures for 
Molecular electronics

Electronic circuits are constantly shrinking at high pace and tra-
ditional silicon-based technology is approaching its theoretical 
limits. A very promising strategy to overcome these limitations is 
exploiting the exceptional flexibility of organic molecules as build-
ing blocks for future electronic devices.
The Kühnle group explores the potential of molecular self-assembly 
as versatile tool for building tailor-made molecular structures on 
surfaces [1]. Future application in electronic devices requires elec-
tronic decoupling from the supporting substrate surface, thus, me-
tallic surfaces are of limited use in molecular electronics. So far, the 
self-assembly of functional molecular structures such as, e.g., mo-
lecular wires on electrically insulating surfaces has been hindered 
by comparatively weak molecule-substrate interactions.
Recently, the Kühnle group has successfully demonstrated the 
self-assembled growth of uni-directional molecular structures on 
a bulk insulator surface at room temperature [2]. The key aspect is 
a rational design of functionalized molecules for tailoring both, the 
molecule-substrate as well as the molecule-molecule interaction. 
Thereby, the subtle balance between the decisive interactions can 
be tuned even on insulating surfaces, where high molecular mo-
bility has so far hampered self-assembly of tailor-made molecular 
structures.

From stable Miniemulsions to stimuli-
Responsive nanocapsules

The mini emulsions process represents a versatile tool for the for-
mation of polymeric nanoparticles and nanocapsules consisting 
of different kinds of polymers as obtained by a variety of poly-
merization types ranging from radical, anionic, cationic, enzymatic 
polymerization to polyaddition and polycondensation. The process 
perfectly allows the encapsulation of hydrophilic and hydrophobic 
liquids and solids in polymeric shells. In combination with a specific 
functionalization of the nanoparticles’ or nanocapsules’ surfaces 
and the possibility to release substances in a defined way from 
the interior, complex nanoparticles or nanocapsules are obtained 
which are ideally suited in materials as anticorrosive systems and in 
biomedical applications as marker and targeted drug delivery sys-
tems. The formation of nanocapsules in miniemulsion with a hydro-
philic or hydrophobic content can be obtained by a phase separa-
tion throughout a polymerization process, a nanoprecipitation onto 
nanodroplets or a interfacial polymerization at the nanodroplet’s 
interface. The release of the components can be triggered in dif-
ferent ways, e.g. by nanoexplosions induced by azo-components 
which are embedded in the core or by labile groups in the shell 
which can be cleaved by an external trigger. The nanodroplets or 
nanoparticles can also be used as templates for producing inorgan-
ic shells as it offers the feasibility of synthesizing hybrid organic/
inorganic functional materials for a broad spectrum of applications 
ranging from optoelectronics to biomedicine. The high surface area 
of nanoparticles can be used to grow inorganic material on the 
surface of the particles in order to produce composite nanoparticles 
comprising of bone mineral hydroxyapatite. 
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Non-contact atomic force microscopy image 
showing uni-directional wires self-assembled 
from heptahelicene-2-carboxylic acid molecules 
on the cleavage plane of calcite.

Different nanoparticles and 
nanocapsules consisting of 
magnetite or liquid cores 
with various components as 
obtained by miniemulsion 
polymerization.

schematic picture showing 
spin polarized electrons 
(green) injected from a cobalt 
substrate (gray) through 
different layers of the organic 
semiconductor copper 
phthalocyanine.
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nano Graphene

Graphenes, single-layered subunits of graphite, exhibit unique 
electrical, optical and mechanical properties. The high charge car-
rier mobilities of graphenes qualify them as semiconductor com-
ponents for field effect transistors. A problem for such electronic 
applications is their unsatisfyingly low on-off ratio. This drawback 
can be overcome by opening a band gap which is possible by the 
bottom-up fabrication of graphene nanoribbons (GNR’s) which fea-
ture much higher aspect ratios.

Figure 1: Bottom-up organic synthesis of defect-free 
graphene nanoribbons in solution.
 
In an astonishingly straightforward process we 
can subject nonplanar polyphenylene precur-
sors to a cyclodehydrogention reaction and 

thus flatten them (Figure 1) [1]. Despite the great success of this 
process the flat disc molecules exhibit a high propensity for ag-
gregation thus hindering solution processability. To circumvent this 
dilemma we have developed a new chemistry by adsorbing precur-
sor molecules on metal surfaces and monitoring the progress of 
the cyclodehydrogenation via scanning tunneling microscopy. The 
atomically precise synthesis of GNRs and the possibility of tuning 
their band gap highlight their possible role as semiconductors in-
stead of silicon and conjugated polymers (Figure 2) [2,3].

 
Figure 2: Bottom-up fabrication 
of atomicallyprecise graphene 
nanoribbons.
 

This process holds promise for a novel “programmed” polymer syn-
thesis after deposition and pre-organisation of different monomer 
components on template surfaces.

Optoelectronics

We succeeded recently in the preparation of monodisperse parti-
cles from a liquid crystalline elastomer in a microfluidic setup [1, 2]. 
For this, we prepare droplets from a liquid crystalline monomer in 
a microfluidic device and polymerize them, while they are flowing 
inside a microtube (see title page added). The particles obtained 
by this method possess an internal orientation of their polymer 
backbones, which gives them actuating properties. When they are 
heated into the isotropic phase of the liquid crystalline material 
they show a reversible change in shape whereby they change their 
length in one direction by almost 100%. We show, how the vari-
ation of experimental parameters during their synthesis impacts 
their primal shape, the strength of their shape changing properties, 
their size and their mechanical properties. Especially the possibility 
of producing actuators with an anisotropic primal shape is very 
exciting [2]. These have considerable advantages over spherical 
particles as the direction of actuation can be predicted before-
hand (figure 1). Additionally a positioning of the actuators by self-
organization becomes possible, because the “pumpkins” described 
in this article tend to lie on their flat side on a smooth substrate. 
This allows their use in large number, all actuating into a uniform 
direction. 
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Plasmonic nanosensors: from Labeling 
structures towards truly Molecular 
sensors

Optical spectroscopy of single plasmonic nanoparticles has evolved 
into a recognized tool for nanoscopic sensing applications, using  
the sensitivity to the nanoparticles environment,charge, size, shape, 
and proximity to other particles. Prof. Sönnichsen has been a pio-
neer of this technique for more than a decade and his group in 
Mainz is one of leading pleaces using this concept to study mo-
lecular processes and chemical reactions on individual particles. 
The group continues to optimize and automatize the technique. 
An example is the innovative use of a liquid crystal device as an 
electronically adressable spacial shutter replacing the entrance slit 
of an imaging spectrometer [1]. This simple modification allowed to 
carry out 30 experiments within one sample, effectively putting one 
month of work into a single day. The Sönnichsen group also tries to 
expand the use of the technique into new fields. From now well es-
tablished investigations of biomolecular binding events, the group 
recently monitored the photo-induced growth of gold domains on  
semiconductor quantum rods on a single particle level [2]. Those hy- 
brid metal-semiconductor particles are very promissing candidates 
for photocatalytic conversion of solar light energy into artifical fuel. 
This study was the one of the first ever where a chemical reaction 
of single nanoparticles was monitored in real time. Since crystalline 
nanoparticles vary strongly from particle to particle in size, shape 
and crystal structure, such single particle investigations provide 
valuable insight into reaction mechanism and kinetic parameters. 
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UV light shining on a cds nanorod 
(blue) leads to the excitation of 
electrons into the conduction band 
(left). These electrons transfer to 
the largest gold domain (yellow) 

where they reduce more gold from solution (center). This process results in 
‘matchstick’-like particles with large gold domains (TeM image on the right).

Figure 1: Title page: The artwork shows three aspects of 
our research: the microfluidic preparation of microparticles, 
their internal orientation and their ability to reversibly 
change their shape.

Figure 2: heating experiment 
on an anisotropically shaped 
actuator looked at from the top 
and from the side. During heating 
to 130°c to shows a strong 
actuation perpendicular to its flat 
side. The scalebar is 100 μm.
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explaining the Paradoxical diversity of Ultrafast 
Laser-Induced demagnetization

It is well known that heating a magnet leads to a reduction of its magnetization. In other 
words, the originally uniform orientation of the magnetization carrying spins is destroyed 
and they are driven into disorder. 
But what happens when we use as heating source the shortest man-made process – a fem-
tosecond laser pulse? In the field called Ultrafast Demagnetization researchers intensively 
discuss how fast a spin can change its orientation, and which are the predominant micro-
scopic interactions behind such a spin-flip mechanism. This fundamental challenge was ap-
proached in a joint project, combining experimental and theoretical studies. The result was 
the development of the so-called “Microscopic Three Temperature Model (M3TM)”, that is 
able to describe the rich variety of experimental findings on equal footing. Besides revealing 
the microscopic origin of the ultrafast demagnetization it was also possible to extract the 
spin-flip probability, the essential quantity behind the process. In particular, the M3TM offers 
a surprising simple explanation why in ferromagnetic cobalt, nickel and iron the time for the 
laser-induced loss of magnetization is three orders of magnitude faster than in gadolinium. 
Regarding the tremendous velocity of this optical strategy it outclasses the contemporary 
data storage technology. A forceful application of this novel concept promises to pave the 
way for a revolutionary read-write concept in the computer of tomorrow.

Rounding of Phase transitions in cylindrical Pores

Porous media find applications in the chemical and pharmaceutical industry for the sepa-
ration of fluid mixtures; related problems occur also in the oil industry (oil recovery from 
porous sands and rocks, etc.). Understanding the phase behavior of fluids and fluid mixtures 
(vapor-liquid transitions as well as liquid-liquid unmixing) confined in long cylindrical pores 
is a central aspect to control such processes. 
Using large-scale computer simulations for idealized model systems (Ising/lattice gas sys-
tem, Asakura-Oosawa model of a colloid-polymer mixture) a substantial clarification could 
be achieved. It was shown that in the general case for a long straight pore (L much larger 
than D) two transitions occur: at a higher temperature, where the correlation length of or-
der parameter fluctuations becomes comparable to D, the state of the fluid inside the pore 
changes from a state which is homogeneous in axial direction to an inhomogeneous state, 
characterized by a sequence of domains of length Ld, much larger than D but much smaller 
than L. When the temperature decreases further, Ld increases rapidly, and when Ld is of the 
order of L, the state of the pore changes from a multidomain configuration to a (bistable) 
monodomain configuration. This transition is accompanied by the occurrence of hysteresis 
(since domain walls running across the pore need to be nucleated, while in the multidomain 
state these domain walls are already present, and can easily be moved).

The snapshots show a typical multi domain configuration. colloids are drawn in yellow, while polymers are drawn in red. 
The figure was generated with the QMGa-sofware.
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schematic picture showing a laser beam illuminating a 
ferromagnetic sample. The randomly oriented red arrows (spins) in 
the sample represent the laser-induced reduction of ferromagnetic 
order.
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tunable Multifunctional topological Insulators 
in ternary heusler compounds

The novel Quantum Spin Hall state of matter realized in topological insulators (TIs) is an 
intensively emerging condensed matter field. It was predicted and than observed in HgTe/
CdTe quantum well. The TI is connected with the quantized Hall effect (K. von Klitzing, Nobel 
prize 1985) and the superconductivity. TI insulates only in bulk, but exhibits conductive sur-
face states formed pairwise by electrons of opposite spins moving antiparallel. Such current 
transfers only spin, but no charge. If the time is reversed, the spin current will not change 
since both electron spin and velocity are reversed. Being robust against any time-reversal 
symmetric perturbation this state leads to an outstanding property of TIs – the dissipation-
less spin current. Its linear dispersion in a form of the Dirac cone was also observed in 
graphene (A. Geim and K. Novoselov, Nobel Prize 2010). However the spin Hall effect in 
graphene is weak due to a weak spin-orbit coupling. Energy bands can be monitored by 
the angle-resolved photoemission. The Heusler compounds studied in Mainz are relatives 
of HgTe binary, thus it was not surprising to find more than 20 topologically non-trivial  
Heuslers. In contrast to binaries, Heuslers contain 3 elements by providing a coupling of sev-
eral properties within one material, e. g. as superconductivity and topologically non-trivial 
band structure in LaPtBi. Some of them exist at the boundary between trivial and non-trivial 
states, i.e. at the quantum critical point.

The Dirac cone which appears in a band structure has also rather aesthetic view. 
indeed, the similar shapes can be found in the pictures of paul Klee, the famous 
German artist.
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thermosensitive hyperbranched Polyelectrolyte-coated Gold 
nanoparticles: towards smart temperature- and  
ph-nanosensors

Metal and semiconductor nanoparticles are emerging as a new class of functional building 
blocks for sensing and biodetecting devices due to the easily detectable shifts of their unique 
optical and electronic properties upon alteration of the local environment or aggregation 
states. Although gold nanoparticles have been known for centuries, they currently find re-
newed interest in this context. In the paper by Frey et al. a simple, yet highly efficient strategy 
to switch aggregation states of gold nanoparticles has been developed. Using convenient 
chemistry,  thermosensitive macromolecules with tree-like structure and a large number of 
end groups have been generated. These molecularly “sticky” polymers have been utilized to 
coat water-soluble gold nanoparticles. This gives rise to reversible thermal switching of the 
particle order, that is from ordered aggregates to single nanoparticles in the temperature 
range of 25-55°C. The paper clearly demonstrates the synergies that can be achieved by 
the combination of “hard” (i.e., inorganic metal) nanoparticles with a “soft” organic shell, 
reflecting the two large research areas present in the Graduate School MAINZ. The principles 
developed in this seminal paper have meanwhile been transferred to other nanoparticle 
systems in numerous other laboratories.
 

Microscopy images of gold nanoparticles a) 
before and b) after coating with the branched 
polymer shell; c) UV-vis absorption spectra 
of the original gold nanoparticles (solid line), 
gold nanoparticles coated with polymer shell at 
20.0oc (dash line), coated gold nanoparticles 
at 40.0 ºc (dotted line). inset: photographs of 
aqueous solutions (ph= 9.0) of the coated gold 
nanoparticles at 20 oc and after heating up to 
40.0oc; d) changes of transmittance during both 
ph variation cycles between ph=5 and 11 and 
heating-cooling cycles between  
20.0 ºc and 40.0 ºc.
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all-Linear time Reversal by a dynamic artificial crystal 

The paper describes an entirely new mechanism for the time reversal of pulsed signals that 
uses a particular type of dynamic artificial crystal with a lattice that can be rapidly made to 
appear and disappear. By briefly making the crystal lattice appear while a signal – in the form 
of a travelling wave – propagates through it, it is possible to generate a time-reversed ver-
sion of it. The time-reversal effect was experimentally demonstrated using magnetic waves 
– known as spin waves – propagating in a dynamic artificial magnetic crystal but the phe-
nomenon is entirely general, and can be applied to waves and signals of any type. The results 
not only have exciting implications for future information and data processing systems, but 
offer fascinating new insight into the fundamental physics of signals and waves.

 

Turning back time. a signal wave (green) is launched from an antenna (left) and allowed to propagate into a structure 
known as a dynamic artificial crystal. By rapidly altering the properties of the crystal structure using a control pulse 
(orange), a time-reversed version of the signal (red) is created.
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high-Resolution scanning electron Microscopy of an Ultracold 
Quantum Gas

The physics of ultracold quantum gases bears many fascinating phenomena, ranging from 
fundamental quantum-mechanical questions up to technological applications such as high 
precision sensors. With help of scanning electron microscopy it is now possible to retrieve 
high resolution images of the atomic distribution in an ultracold quantum gas. This opens 
up new possibilities for the investigation of strongly correlated quantum gases, with special 
emphasis on their local static and dynamical properties. Such studies help to get more insight 
into quantum-mechanical many-body systems – a class of systems that often resists to an 
exact theoretical description.

inside view of the scanning electron microscope for ultracold atoms.
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One-sided Growth of Large Plasmonic Gold domains on cds 
Quantum Rods Observed on the single Particle Level

The synthesis of “hybrid” nanocrystals composed of domains from different material classes 
(e.g. magnetic, semiconducting, metal) represents a challenging field in material science. The 
multiple components of such nano-sized hybrid crystals provide several physical-chemical 
functionalities within one structure and novel properties are expected via the electronic and 
electromagnetic coupling between the components. Only a few years ago, the controlled 
crystallographic growth of small gold crystals selectively on the tips of rod-shaped semicon-
ducting nanocrystals emerged, where the metal is in direct crystallographic contact with the 
semiconductor. Those structures showed a switch from two-sided to one-sided growth at-
tributed to intraparticle electrochemical Oswald ripening. Those “dumbbell” or “matchstick” 
particles were used for directed self-assembly and it was shown that electrons created in the 
semiconductor by optical excitation transfer and accumulate on the gold tip where they are 
able to reduce organic molecules. So far, it has not been possible to control the size of the 
gold domain in those metal-sc hybrids. We developed a new strategy to create large gold do-
mains (up to 15 nm) on CdS or CdSe/CdS quantum rods using a photochemical process. The 
gold domain is large enough to visualize single hybrid particles in a dark-field microscope 
during the particle growth in real time, which gives new insight into the electrochemical 
processes involved after photo-excitation of metal-semiconductor hybrid particles. 

projection of a reconstructed 3D TeM tomography 
representation of three cds quantum rods (green) with 
a large gold domain (red). 3D tomography reveals the 
non-centric attachment of the gold domain on the 
semiconductor rod (best seen in this projection on the 
hybrid particle on the upper right).
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Bismuth-catalyzed Growth of sns2 
nanotubes and their stability

The vapor-liquid-solid approach (VLS) is used for the growth of 1D 
structures, such as nanowires by chemical vapor deposition. The 
VLS mechanism circumvents the slow crystal growth of a solid from 
the gas phase by a catalytic liquid metal phase which can rapidly 
adsorb vapor to the supersaturation level. Crystal growth can occur 
from nucleated seeds at the liquid-solid interface. We have applied 
this approach to the synthesis of these chalcogenide nanotubes by 
using a bismuth/tin catalytic alloy and SnS2 by heating this mixture 
under a stream of argon. The physical characteristics of the nano-
tube grown in this manner depend, in a controllable way, upon the 
size and physical properties of the liquid alloy.
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Refolding of the Integral Membrane 
Protein Light-harvesting complex II 
Monitored by Pulse ePR

The article focuses on the molecular folding process of a mem-
brane protein with a key function in photosynthesis, known as the 
major light-harvesting chlorophyll a/b complex or LHCII. Electron 
paramagnetic resonance (EPR) techniques were used to measure 
distances between individual LHCII domains as a function of fold-
ing time. The study revealed two distinctive folding steps which are 
triggered by the binding of chlorophyll molecules into LHCII.
The two-step kinetics observed gives direct experimental proof to 
the hypothesized pigment-induced folding of the LHCII apoprotein 
and will help to understand membrane protein folding in general. 
This in turn will facilitate the insertion of recombinant LHCII in 
artificial membranes and its potential use as a light-harvester in 
photovoltaic applications.

ePR spectroscopic characterization 
of Local nanoscopic heterogeneities 
during the thermal collapse of 
thermoresponsive dendronized 
Polymers

Thermoresponsive polymers are promising materials for a wide 
range of applications since their state of hydration in aqueous so-
lution can easily be controlled via a change in temperature. In this 
article, the authors employed a simple and cost-efficient electron 
paramagnetic resonance (EPR) spectroscopic technique to gain in-
sight into the nanoscopic processes associated with the thermal 
collapse of dendronized polymers into monodisperse mesoglobular 
aggregates. It is shown that the aggregation of the polymer is trig-
gered by dynamic structural heterogeneities of a few nanometers. 
Although macroscopically a sharp phase transition, the dehydra-
tion of the polymer chains involves several distinct processes and 
proceeds over a temperature interval of at least 30 K. These funda-
mental insights on the nanoscopic scale are essential for a rational 
materials design. 
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scheme illustrating the Vls 
approach for the growth of 
sns2 nanotubes. Top row: 
(left) sns2 crystal structure. 
(right) Bi metal droplet 
catalyzing the growth of a 
sns2 nanotube. The growth 
of the nanotube grown 
depend upon the size of the 
liquid droplet. Nanotube 
growth stops when the 
Bi droplet is evaporated. 
Bottom row: Branched sns2 
nanotubes grown from Bi 
droplets on the sidewalls of 
a parent tube.

Dotted traces show distances measured between 
pRoXYl spin labels attached to the backbone of 
lhcii.

Two step folding model for lhcii in vitro. Mixing of denatured lhcii with 
chlorophylls induces the formation of secondary (less then one min) and 
tertiary structure (several minutes).

as evidenced by epR 
spectroscopy, the 
thermal transition 
of water-swollen 
dendronized polymers 
to fully dehydrated 
mesoglobules proceeds 
over a much larger 
temperature range than 
their macroscopically 
observable aggregation.
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synthesis of Rod-shaped Gold 
nanorattles with Improved Plasmon 
sensitivity and catalytic activity

In our paper, we report a strategy for the preparation of rod-shaped 
gold nanorattles – hollow nanostructures with a solid nanorod 
inside. These particles combine two interesting features – strong 
scattering of the visible light and the high surface area. 
Nanorattles can be used as very small biosensors because their 
color is influenced by the refractive index of surrounding medium. 
Furthermore, we have demonstrated that the rattles exhibited high 
catalytic activity for the conversion of 4-nitrophenol into widely 
used in chemical industry 4-aminophenol, for example in paraceta-
mol production.

Indium-Gallium segregation in 
cuInxGa1-xse2: an ab Initio-Based 
Monte carlo study

Solar power plays an increasingly important role in the generation 
of electrical energy, but it is still more expensive than fossile fuels. 
Therefore, research on solar cells is essential to provide us with 
cheap electricity in the future. 
In a publication in Phys. Rev. Lett., the authors present results of 
computer simulations that explain why a higher production tem-
perature leads to better CuInxGa1-xSe2 thin-film solar cells. The in-
creased temperature improves the homogeneity and reduces band 
gap fluctuations. The conclusions can help to improve efficiencies 
and optimise industrial processes.

dynamical simulation of Integrable 
and nonintegrable Models in the 
heisenberg Picture

Understanding the quantum dynamics of condensed matter sys-
tems is crucial for new technological applications. However few 
models are simple enough to allow analytical treatment and nu-
merical studies are limited by the growth of entanglement with 
time.  Our paper explains why for integrable models certain quanti-
ties can be calculated requiring only a small amount of entangle-
ment, which is what ordinary computers can handle. Furthermore 
we show that certain quantities can also efficiently be simulated in 
the case of non-integrable systems, thus potentially opening a new 
approach to dynamical many-body calculations.
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TeM image of the gold 
nanorattles (above) and their 
darkfield image (left).

Distribution of in and Ga atoms in a Monte carlo simulation. The snapshot 
shows phase separation into cuinse2 and cuGase2 at low temperatures.

effective hilbert space dimension for any pauli operator as a function of 
position and time in an isotropic spin 1/2 heisenberg chain.
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au@MnO nanoflowers: hybrid 
nanocomposites for selective 
dual Functionalization and Imaging

Located at the interface between nanotechnology, medicine and 
biotechnology, nano-biotechnology offers tremendous advantages 
for the development of future therapeutic and diagnostic tech-
niques. Magnetic nanoparticles (MNPs) are especially interesting in 
this respect because they show an enormous potential as contrast 
agents for magnetic resonance imaging (MRI). Furthermore, MNPs 
offer the possibility to decorate their surface with special molecules 
to allow, for example, the detection of cancer or the controlled re-
lease of drugs. Yet, this surface modification is usually achieved 
by equipping the desired molecules with certain “anchors” that 
strongly attach on top of the NPs. However, most of these anchors 
are restricted to one kind of material which limits the number of 
functionalities on the MNPs. As a solution to this problem, we cre-
ated composite NPs consisting of two materials, gold (Au) and 
manganese oxide (MnO), in a flowerlike arrangement. Herein, the 
MnO “petals” represent a powerful contrast agent for MRI, while 
Au NPs are effective probes for cancer treatment. Now, with the 
presence of two different materials, there are also two individual 
surfaces that each can be selectively addressed by suitable anchors, 
thus doubling the functionality of the NPs. For instance, dopamine 
binds on MnO, whereas thiols bind to Au. Hence, we developed 
two ligands to selectively attach on either surface: one containing 
dopamine and one carrying a thiol group. As a proof of principle, 

we tagged each ligand with a dif-
ferent dye after the attachment was 
complete (red for Au, green for MnO). 
And indeed, the red and green sig-
nals were clearly visible under the 
microscope and originated from the 

same spot. Therefore, the assumption that it is possible to selective-
ly modify both entities of the Au@MnO nanoflowers to increase the 
overall functionality was hereby confirmed. As a result, Au@MnO 
nanoflowers are promising as multifunctional devices for biomedi-
cal applications, including MRI and cancer treatment. 

Observation of coherence and Partial 
decoherence of Quantized spin Waves 
in nanoscaled Magnetic Ring structures

A challenging task in the field of spintronics is the realization of 
purely spin-based data processing. For this purpose an efficient 
mechanism for the transportation of spin-encoded information is 
needed. The straight forward solution, diffusive transport of spin in-
formation, has the disadvantage of very small operating distances 
due to high spin relaxation rates in metallic materials. Another 
promising approach is the conversion of spin information into spin 
waves, the fundamental excitation quanta of ferromagnetic ma- 
terials with operating distances two orders of magnitude larger 
than the spin diffusion lengths in metals. Here we address the 
coherence of spin waves in micron sized rings and demonstrate 
the transition from a fully coherent to a partially decoherent  
eigenmode system.

time-resolved Observation of coherent 
Multi-Body Interactions in Quantum 
Phase Revivals

At extremely low temperatures atoms can aggregate into so-called 
Bose Einstein condensates (BEC) forming coherent laser-like matter 
waves. Due to interactions between the atoms fundamental quan-
tum dynamics emerge and give rise to periodic collapses and re- 
vivals of the matter wave field. This work takes a glance “behind 
the scenes” of atomic interactions by revealing the complex struc-
ture of these quantum dynamics. By generating thousands of mi-
niature BECs ordered in an optical lattice it was possible to observe 
a large number of collapse and revival cycles. The experimental 
results imply that the atoms do not only interact pairwise – as typi-
cally assumed – but also perform exotic collisions involving three, 
four or more atoms at the same time. On the one hand, these re-
sults have fundamental importance for the understanding of quan-
tum many-body systems. On the other hand, they pave the way 
for the generation of new exotic states of matter, based on such 
multi-body interactions.

ReFeRences

Schultheiss H, Schäfer S, Candeloro P, Leven B, Hillebrands 
B, Slavin AN (2008). Observation of Coherence and Partial 
Decoherence of Quantized Spin Waves in Nanoscaled Mag-
netic Ring Structures. Physical Review Letters 100(4), 047204.

ReFeRences

Will S, Best T, Schneider U, Hackermüller L, Lühmann DS, 
Bloch I (2010). Time-resolved Observation of Coherent 
Multi-body Interactions in Quantum Phase Revivals. Nature 
465(7295): 197-201.

ReFeRences

Schladt TD, Shukoor MI, Schneider K, Tahir MN, Natalio F, 
Ament I, et al. (2010). Au@MnO Nanoflowers: Hybrid Nano-
composites for Selective Dual Functionalization and Imaging. 
Angewandte Chemie-International Edition 49(23): 3976-3980.

The black arrows indicate 
the direction of the 
magnetization in a micro-ring 
with a diameter of 2µm. 
The spin-wave intensity is 
locally probed by means of 
Brillouin light scattering (Bls) 
microscopy with a focused 
laser spot.

Bls spectra as a function 
of position on the ring 
structures. Red (blue) 
indicates high (low) spin-
wave intensities.

The collapse and 
revival dynamics 
of Bose-einstein 
condensates 
trapped in an 
optical lattice 
reveal exotic multi-
body interactions. 
The image shows 
a sequence of 
interference 
patterns 
containing the 
dynamics.
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Key eLeMents 
OF OUR PROGRaM

teaM SuPerviSion 
Each student has an individual thesis committee of at least two experienced scientists comprising the thesis advisor and one 
additional advisor who will meet with the doctoral student on a regular basis to discuss the student’s progress. The com-
mittee is responsible for the student’s personalized development and training, ensures the quality of the training, and 
supports the student’s career development. Students analyze their skills and abilities together with their thesis commit-
tee shortly after starting the doctoral thesis and agree on training to develop individual skills further. This is documented 
in each student’s Career Development and Training Plan to allow tracking of progress throughout the doctoral thesis. 
In this way, the structured training program of MAINZ ensures that students receive the most individualized, flexible 
and effective means of meeting their needs in preparing and writing a doctoral thesis. This way their pathway towards 
becoming an excellent scientist is paved. Additionally, the thesis committee ensures individual interaction of the doctoral 
student with other permanent or visiting scientists to assist them in building his or her own scientific network.

In the following section you will 
find the key elements of the  
structured doctoral program of the 
Graduate School Materials Science 
in Mainz (MAINZ). Every aspect 

of our program places special emphasis 
on networking. Networking opportunities 
for our doctoral students are provided 
through a variety of avenues, e.g.,  
external mentoring, secondments at our 
partner institutions worldwide, contact 
with industrial partners, and conference 
participation. Our graduate school training 
program primarily focuses on scientific 
and technological training through research 
on individual and personalized projects. 
This is complemented by substantial 
training for researchers addressing 
relevant complementary skills and 
competencies. The research training 
opportunities provided by the Graduate 
School MAINZ go far beyond the scope 
of a single research training group. They 
include interdisciplinary training and an 
exchange of knowledge in different fields 
of materials science.
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Career SuPPort and Mentoring
Our program provides career support for doctoral students in a variety of ways. Firstly, doctoral students have the op-
portunity to acquire complementary skills through our Training for Researchers Program which offers a variety of courses 
from time management and additional language training to intercultural communication. Secondly, we support and 
encourage networking activities in many ways, including via the mentoring program. In this program, each student 
can choose an external mentor from an industrial partner, or a high-profile, internationally renowned scientist from 
academia. The external mentor provides advice on more general aspects of training and research and also assists in 
establishing an individual scientific network to support the student’s career development.
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international CHaraCter 
The graduate school provides doctoral students an outstanding opportunity to gain valuable international experience. 
International students constitute approximately 30% of all doctoral student members of MAINZ, hailing from over 20 
different countries. MAINZ partners with research institutions, universities and industrial partners from around the globe. 
During their thesis preparation, doctoral students of MAINZ are given the opportunity to spend up to 12 months at a 
foreign academic institution or industrial partner of the graduate school. Additionally, doctoral students attend interna-
tional summer schools – MAINZ organizes up to six schools per year together with international partners – and present 
their research work at international conferences. Furthermore, MAINZ provides undergraduate and graduate students 
from foreign institutions the opportunity to join the school for an internship of up to 12 months. English is the working 
language within the graduate school.
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CoMMuniCation oF SCienCe 
Doctoral students in our program are encouraged to actively participate in domestic and international scientific conferen-
ces or workshops, allowing them to present the results of their research even at a very early stage of their careers. These 
events often serve as a forum for young scientists, where they can not only present their own research to a wider audi-
ence, thereby obtaining greater confidence and improved communication skills, but also make themselves known to the 
professional community in their respective fields. We encourage our students not only to present posters at conferences 
but also to deliver oral presentations about their work in sessions or symposia during those conferences. Additionally, the 
graduate school awards the Gutenberg Research and Gutenberg Lecture Award annually to outstanding international 
renowned scientists who in turn give lectures at the graduate school.
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CooPeration witH induStry and 
teCHnology tranSFer 
MAINZ offers its students contact with world leading industrial partners in the field of materials science. Personnel from 
our industrial partners are involved in many graduate school activities, such as lectures, summer schools, as mentors and 
in joint research projects. In cooperative research projects, students have the opportunity to complete all or part of their 
thesis at one of our industrial partners. These projects are performed in close collaboration with and under supervision 
of an experienced academic scientist of the graduate school, which serves to facilitate technology transfer.
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new aPProaCHeS to training 
To foster the establishment of innovative training for doctoral students, the graduate school supports new approaches 
to training – approaches that are developed by the students themselves. The school provides a stimulating environment 
for creativity and invites experts to support our students in their efforts. This approach has, for example, led our doctoral 
students to establish the Journal of Unsolved Questions (abbreviated JUnQ), an idea born during a think tank session 
with experts from the MIT and UC Berkeley. The first issue of JUnQ was published in January 2011. The Donor’s Associa-
tion for the Promotion of Science and Humanities in Germany honored our students’ efforts by bestowing JUnQ with 
the “Hochschulperle” award in April 2011.  The editors of JUnQ also helped to establish our lecture series, “Publish or 
Perish?”, which not only stimulated discussion about honesty in science both within and outside the graduate school 
but also contributed to greater public and media interest in this issue and the journal itself.
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early Stage SuPPort 
Exceptional undergraduate students are involved in the activities of the graduate school from an early stage, allowing 
them to perform high-level research while still in the process of completing their studies. After successful application to 
MAINZ, these undergraduate students take part in a research project at one of our partner institutions, universities or 
industrial partners worldwide for up to 9 months. During this period undergraduate students are provided with a fellow-
ship and a travel grant. Furthermore, these students are invited to join training events of the graduate school, and there-
fore integrated into an excellent training environment early on. Additionally, MAINZ allows outstanding students with a 
Bachelor degree to start a doctoral thesis without previously obtaining a Master degree (fast-track doctoral thesis).
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Kerstin Wiss 
Head of a Laboratory Team at BASF
“i would like to continue working in polymer research 
over the next few years. I’m not yet sure what I want 
to do after that; after all, I’m still only really getting 
started,” explains Kerstin Wiss. Since December 
2010, the 28-year-old has been working as the head of 
a polymer research laboratory team at the chemicals 
company BASF, based in Ludwigshafen. Kerstin and 
her three colleagues direct their efforts toward the syn-
thesis of polyols required to produce polyurethanes. 
These plastics are used to make products as diverse 

as insulating foams, mattresses, athletic tracks for 
sports   stadiums and much more. Kerstin is following 
up on the doctoral project she undertook at the Gradu-
ate School of Excellence Materials Science in Mainz 
(MAINZ), which was concerned with the synthesis 
of polymers. These are long chains or extensively 
branched molecules made up of several homogeneous 
building blocks, called monomers. In August 2010, 
she finalized her doctoral degree under the supervi-
sion of Patrick Théato and Prof. Rudolf Zentel of the 
Institute of Organic Chemistry of Johannes Gutenberg 
University Mainz (JGU), after which she accepted 
a position at BASF. “I found the atmosphere there 
and the projects proposed to me during the interview 
very attractive. And there are plenty of opportunities 
to progress in a global company like BASF,” Kerstin 
adds. In her current job, she finds that she is not only 
profiting from the academic training she received in 
MAINZ but also from the soft skill courses provided 
by the school. “Presentation techniques, self-manage-
ment skills, intercultural communication – all these I 
find really useful both personally and career wise,” 
she claims. “Also of importance for me were my stays 
in the USA that were financed by MAINZ.” During 
her doctoral studies, Kerstin attended, among others, 
two conferences of the American Chemical Society – 
one in Philadelphia, the other in San Francisco – and 
also spent three months doing research in Delaware. 
“These were really valuable experiences for me.” Her 
improved language skills are of great value to her now 
that she communicates with colleagues around the 
world.

Christina Birkel  
Postdoctoral Student at UC Santa Barbara
“completing a post-doctoral lecturer qualification 
at a university or Fraunhofer institute and overseeing 

my own study group” is how Christina Birkel sees her 
ideal professional future in about two years’ time. The 
27-year-old is currently working towards this goal by 
producing top quality publications. Since March 2011, 
Christina has been working as a postdoctoral student 
under Prof. Galen Stucky at University of California 
in Santa Barbara (UCSB). She qualified for this post 
thanks to the doctoral degree awarded in November 
2010 by the Graduate School MAINZ under the su-
pervision of Prof. Wolfgang Tremel of the Institute for 
Inorganic and Analytical Chemistry at JGU. MAINZ 
allowed her to nominate her own mentor and to main-
tain close contacts with him. Christina chose Ram Se-
shadri, for whom she had already written her senior-
year thesis. Seshadri is a former postdoctoral student 
of Wolfgang Tremel and now Professor at UCSB. 
Thanks to financial support provided by MAINZ, 
Christina was able to meet with him last summer at a 
conference in New London, New Hampshire, where 
she asked him for his advice on how she should shape 
her future career. Seshadri advised her to get in touch 
with his colleague Galen Stucky. Once it became 
clear that Christina’s husband (like her an alumnus 
of MAINZ) would also get a post at UCSB, she took 
Seshadri’s advice and turned down the job offer she 
had received from the University of Oregon. In Santa 
Barbara on the Pacific coast, she is also intending to 
continue with the subject she dealt with in her doctoral 
thesis – the thermo electrical applications of nanopar-

caReeRs oF oUR alUMNi
doctoral students who have completed their thesis at our 

graduate school successfully continue their career in another 

academic institution or in commercial industry. the graduate 

school follows its alumnae’s careers and stays in close contact 

with them by including them in training activities at the 

school and by having them as advisors or mentors for the 

next generation of doctoral students.  Our aim is to create the 

conditions for a better postgraduate education by bringing 

together former and current students through alumni events 

and activities, thereby promoting career-long cross-disciplinary 

thought in science and industry. In the following, we profile four 

selected MaInZ alumni, focusing on their subsequent careers 

and hopes for the future.
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ticles; in other words, how electrical energy can be 
generated from special chemical compounds, such as 
antimonides, by means of temperature variation.

Daniel Keßler 
Department Head at Steuler-KCH Materials
daniel kessler defines his short term professional 
goal as “organizing and expanding my department.” 
For Daniel, “my department” means the R&D “Rub-
ber Linings” department at Steuler-KCH Materials in 
Siershahn in Germany’s Westerwald region. As a sub-
sidiary of the Steuler Corporation, with its 2000 em-
ployees worldwide, Steuler-KCH Materials produces 
anticorrosion systems for industrial plants and other 
major construction projects. Daniel has been working 
for Steuler-KCH Materials since January 2010. He 
was appointed head of department in February 2011 
and supervises a staff of five. The 30-year-old laid the 
cornerstone for his career by completing a doctoral 
degree at the Graduate School MAINZ under the su-
pervision of Prof. Rudolf Zentel of JGU’s Institute of 
Organic Chemistry.  Awarded his doctorate in August 
2009, Daniel had been conducting research into how 
surfaces could be coated to provide them with specific 
characteristics, such as making them particularly wa-
ter-resistant or ensuring that certain substances adhere 
well to them. “Exploring surface effects represents 
a common theme of my course of studies,” explains 
Daniel. “A position in a company that produces coa-
tings was a perfect fit for me.” Among other things, he 
is now working on the development of linings for flue 
gas desulfurization scrubbers, which need to be highly 
resistant to sulfuric and phosphoric acid. What he finds 
particularly interesting in his work is his contact with 
the clients – “they give you direct feedback on your 
products” – and the vastly different range of require-
ments that he needs to meet. “We not only work with 

customers from the fertilizer, gold and solar industries, 
but have also been commissioned to develop a special 
lining for a swimming pool installed on the 30th floor 
of a hotel.” He also finds that he still profits from the 
interdisciplinary approach at MAINZ: “There were 
plenty of workshops and seminars on various subjects 
that even today are of use to me. It provided me with 
insights across a wide range of topics.“

Frederik Wurm 
Postdoctoral Student at EPFL
asked about his future career aims, Frederik Wurm 
replies: “A professorship in Germany.” Since the au-
tumn of 2009, the 30-year-old has been working as a 
postdoctoral student in Prof. Harm-Anton Klok’s re-
search group at École polytechnique fédérale de Lau-
sanne (EPFL), one of Switzerland’s leading scientific 
institutions. From the fall of 2006 to the summer of 
2009, Wurm studied to acquire his doctoral degree un-
der Holger Frey, Professor at the Institute of Organic 
Chemistry of JGU. In the fall of 2007, following its 
success in the Excellence Initiative, he switched to the 
then recently founded Graduate School MAINZ. The 
subject of his doctoral dissertation was the synthesis 
of special, multi-branched macromolecules derived, 
for example, from polyglycerins. These molecules 
have a range of uses, including medical applications. 
When combined with active drug substances, they can 
protect these as they pass through the body on the way 

to their target site, which could be cancer cells. “The 
polymer acts as a protective coating that shields the 
active substance,” he explains.  He is also working on 
bio applications of these substances, including poly-
glycerins, at EPFL. But his training at the Graduate 
School MAINZ proved to be of benefit in other ways 
as well: “It was great that the school provided the fi-
nancial support to enable me to spend three months 
with a work group in Bristol,” he points out. This not 
only allowed him to improve his language skills and 
gain insight into other cultures, but also introduced him 
to new ways of doing things. Frederik will probably 
remain at EPFL on Switzerland’s Lake Geneva until 
the end of the year. Then he hopes to obtain an ap-
pointment in Germany that eventually will lead to the 
aspired professorship.

Daniel Keßler

Fo
to

: E
ric

 L
ic

ht
en

sc
he

id

Frederik Wurm

Fo
to

: p
riv

at

Portrayals: Jonas Siehoff



MaInZ · excellence · 48

MEMBERS OF THE GRADUATE SCHOOL MAINZ 

Ill
us

tra
tio

n:
 E

rik
a 

M
ar

tin
s



MaInZ · excellence · 49

aRea OF ReseaRch

Our research program is devoted to the investigation of ultrafast phenomena in solids, 
thin films and nanoparticles. This includes the combination of short pulsed laser systems 
with surface science technology in order to develop novel methods for measuring ultrafast 
relaxation processes in real time with high temporal and spatial resolution.

seLected PUBLIcatIOns

•	  Koopmans B, Malinowski G, Longa FD, Steiauf D, Faehnle M, Roth T, Cinchetti M,  
Aeschlimann M(2010). Explaining the Paradoxical Diversity of Ultrafast Laser-Induced 
Demagnetization. Nature Materials 9(3): 259-265.

•	  Aeschlimann M, Bauer M, Bayer D, Brixner T, de Abajo FJ, Pfeiffer W, et al. (2007). Adap-
tive Subwavelength Control of Nano-Optical Fields. Nature 446(7133): 301-304.

Prof. Martin aeschlimann
dePaRtMent OF PhysIcs and ReseaRch 

centeR OPtIMas,  

UnIveRsIty OF KaIseRsLaUteRn

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

Theory of ultra-cold quantum gases as a probe of fundamental physics at the interface 
between quantum mechanics and thermodynamics. In particular:  transport and collective 
dynamics in non-equilibrium many-body quantum systems; localized collective excita-
tions, such as solitons, vortices, topological defects and textures; post-adiabatic effects 
under time-dependent Hamiltonians leading to quantum entropy production; quantum 
decoherence in open systems.

seLected PUBLIcatIOns

•	  Strzys MP, Anglin JR (2010). Four-Mode Bose-Hubbard Model With Two Greatly Differ-
ent Tunneling Rates As a Model for The Josephson Oscillation of Heat. Phys. Rev. A 81 
043616.

•	  Thouless DJ, Anglin JR (2007). Vortex Mass in a Superfluid at Low Frequencies. Phys. 
Rev. Lett. 99(10), 105301.

Prof. James R. anglin
dePaRtMent OF PhysIcs,  

UnIveRsIty OF KaIseRsLaUteRn

MeMBeR OF Gsc sInce 11/07

pRiNcipal iNVesTiGaToRs 
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Prof. thomas Basché
InstItUte OF PhysIcaL cheMIstRy, 

JOhannes GUtenBeRG UnIveRsIty MaInZ

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

Optical single molecule techniques are employed to study a variety of phenomena inclu-
ding molecular photophysics and photochemistry, energy and charge transport between 
molecules and dynamics of glasses and polymers. Core-shell semiconductor nanocrystals 
with different shapes and composition are synthesized and characterized by electron mi-
croscopy and optical spectroscopy. In addition, nanocrystals are assembled into supramo-
lecular aggregates to achieve novel optical properties.

seLected PUBLIcatIOns

•	  Fückel B, Hinze G, Nolde F, Müllen K, Basché T (2009). Control of the Electronic Energy 
Transfer Pathway between Two Single Fluorophores by Dual Pulse Excitation. Phys. Rev. 
Lett. 103(10), 103003.

•	  Feist FA, Tommaseo G, Basché T (2007). Observation of Very Narrow Linewidths in the 
Fluorescence Excitation Spectra of Single Conjugated Polymer Chains at 1.2 K. Phys. Rev. 
Lett. 98(20), 208301

Prof. Kurt Binder
InstItUte OF PhysIcs,  

JOhannes GUtenBeRG UnIveRsIty MaInZ

MeMBeR OF Gsc sInce 11/07 

aRea OF ReseaRch

The research field of Kurt Binder and collaborators has its focus on the statistical mechanics 
of condensed matter, with a strong emphasis on both the development and the application 
of computer simulation methods, such as Monte Carlo techniques and molecular dynamics 
simulation. The systems that are studied range from generic model systems (e.g. the ran-
dom field Ising model as a description of antiferromagnets with nonmagnetic impurities 
in a magnetic field, and at the same time of colloid-polymer mixtures in a frozen gel-like 
structure) to chemically realistic models of real materials which can be directly compared 
to corresponding experimental data. The latter include both “hard matter” (e.g. glassy 
germaniumdioxide) and “soft matter” (e.g. alkane chains dissolved in carbon dioxide) and 
even hybrid hard/soft systems (polybutadiene near graphite or alumina solids). Central 
themes of research are colloids (participation in the TR6) and functional polymers such as 
bottle-brush polymers (participation in the CRC625).

seLected PUBLIcatIOns

•	  Wilms D, Winkler A, Virnau P, Binder K (2010). Rounding of Phase Transitions in Cylindri-
cal Pores. Phys. Rev. Lett. 105(4), 045701.

•	  Winter D, Virnau P, Binder K (2009). Monte Carlo Test of the Classical Theory for Hetero-
geneous Nucleation Barriers. Phys. Rev. Lett.103(22), 225703.
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Prof. hans-Jürgen Butt
Max PLancK InstItUte FOR POLyMeR 

ReseaRch, MaInZ

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

We study the structure and properties of interfaces and the interaction between them. Our 
aim is to better understand the relationship between structural changes, dynamics, and 
driving forces. Major topics are interfacial forces and the dynamics of wetting. For exam-
ple, we investigate liquids that are internally structured at different length scales, such as 
polymer melts, solutions, dispersions, or emulsions. The methods we use include scanning 
probe techniques, confocal microscopy, focused ion beam, microrheology, light and X-ray 
scattering. To expand the range of length and time scales accessible, new methods are 
continuously developed. Our goal is to solve fundamental questions, with the perspective 
of future applications.

seLected PUBLIcatIOns

•	  Sokuler M, Auernhammer GK, Roth M, Liu CJ, Bonaccurso E, Butt HJ (2010). The Softer 
the Better: Fast Condensation on Soft Surfaces. Langmuir 26(3): 1544-1547.

•	  Gomopoulos N, Maschke D, Koh CY, Thomas EL, Tremel W, Butt HJ, Fytas G (2010). One-
Dimensional Hypersonic Phononic Crystals. Nano Lett. 10(3): 980-984.

aránzazu del campo, Phd
Max PLancK InstItUte FOR POLyMeR 

ReseaRch, MaInZ

MeMBeR OF Gsc sInce 11/09

aRea OF ReseaRch

The interaction between two bodies in close proximity is strongly influenced by the chemi-
cal nature of their outmost molecular layer and their surface topography. The external 
control of these factors enables fine tuning of the resulting adhesion forces. Of particular 
interest are surface designs which enable strong but reversible attachment, or even selec-
tive adhesion. Biology provides spectacular examples which inspire our developments, e.g., 
the hierarchical assembly of nano-sized setae found in gecko’s feet, which enable their 
effective locomotion, or the selective attachment of cells to surfaces with particular topo-
graphies and compositions. Artificial realization of such properties requires the combina-
tion of responsive chemistries and surface engineering with micro- and nanofabrication 
techniques to obtain complex and active surface designs. This combination allows us to 
control adhesion phenomena at different levels in multiple fields of modern technologies.

seLected PUBLIcatIOns

•	  Boesel LF, Greiner C, Arzt E, del Campo A (2010). Gecko-Inspired Surfaces: A Path to 
Strong and Reversible Dry Adhesives. Advanced Materials 22(19): 2125-2137.

•	  Petersen S, Alonso JM, Specht A, Duodu P, Goeldner M, del Campo A (2008). Phototrig-
gering of Cell Adhesion by Caged Cyclic RGD Peptides. Angewandte Chemie-Internation-
al Edition 47(17): 3192-3195.
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Prof. sebastian eggert
dePaRtMent OF PhysIcs,  

UnIveRsIty OF KaIseRsLaUteRn

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

The research is focused on interacting quantum many-body systems in which the correla-
tion effects are so strong that their properties cannot be described by perturbation theory 
from an independent particle picture. This is frequently the case in low dimensional electron 
systems, such as nanostructured quantum wires (Luttinger liquids), low dimensional anti-
ferromagnets, carbon nanotubes, quasi-one-dimensional metals, and fractional quantum 
Hall edge states. The interest in these systems seems to be ever increasing due to the rapid 
experimental progress in nanoscale physics, ultra-cold quantum gases, and the availa- 
bility of materials with intrinsically low-dimensional behavior, such as high-temperature 
superconductors.
In order to study these systems it is useful to combine field theoretical methods with ad-
vanced numerical techniques. The numerical techniques yield nearly exact results, but are 
limited by finite temperatures and/or system sizes. On the other hand, field theory tech-
niques give asymptotically exact analytical results in the thermodynamic limit and at low 
temperatures. The two methods therefore complement each other to give a complete un-
derstanding which often allows detailed comparisons with experiments. Most recently we 
have focused on supersolid phases, the density of states in tunneling experiments, dynamic 
decoherence properties, and scattering from impurities and boundaries.

seLected PUBLIcatIOns

•	  Schneider I, Eggert S (2010). Recursive Method for the Density of States in One Dimen-
sion. Phys. Rev. Lett. 104(3), 036402.

•	  Schneider I, Struck A, Bortz M, Eggert S (2008). Local Density of States for Individual 
Energy Levels in Finite Quantum Wires. Phys. Rev. Lett. 101(20), 206401.

Prof. hans-Joachim elmers
InstItUte OF PhysIcs,  

JOhannes GUtenBeRG UnIveRsIty MaInZ

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

The research area focuses on ferromagnetic epitaxial films and nanostructures, new ma-
terials with high spin polarization and dynamic magnetic properties. Using spin-polarized 
low-temperature scanning tunneling spectroscopy, magnetization structures, and their in-
teraction with electronic states are investigated with atomic resolution. The width of mag-
netic domain walls in two-dimensional ferromagnets consisting of a single atomic layer 
shrinks below one nanometer, thus pushing the physical limits of magnetic storage den-
sity to the atomic scale. Recent activities include spatially resolved spin transport through 
molecules deposited on ferromagnetic surfaces. Material design has been sustained by 
compositional tailoring of high spin polarization and shape memory properties of ferro-
magnets. As a recent highlight we determined the spin-resolved density-of-states function 
in Heusler alloys from polarization-dependent X-ray absorption.  An experimental progress 
has been achieved by a method allowing an X-ray absorption measurement on epitaxial 
films in transmission. A newly detected circular dichroism effect in threshold two-photon 
photoemission using femtosecond laser pulses enables future investigations of magnetiza-
tion dynamics on a femtosecond time scale. The large value of the dichroism effect that is 
comparable to X-ray magnetic circular dichroism challenges the understanding of classical 
photoemission theories.
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The scientific concept behind MOMENT (Materials for Optical, Magnetic, and Energy Tech-
nologies) is the synthesis of new multifunctional materials on the basis of a rational inverse 
design for future electronics and energy technologies. The short-term goal is the design, 
synthesis, and investigation of building blocks (new compounds) based on a filled tetrahe-
dral structure (Heusler compounds and related structure type) with combined functionali-
ties manipulated on an atomic scale. In an inverse approach the materials will be designed 
with a desired property. The long-term goal is the development of artificial materials based 
on the building blocks made by chemistry on the atomic scale (thin film technique) with 
contactless switchable functionalities via external control (fields, current, electrolyte gating 
(electron doping), temperature, or other physical quantities).
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The main research field is theoretical quantum optics with applications to many-body  
physics and quantum information. In particular, we study the interaction of quantized 
light with coherently prepared media, quantum information processing with photons and 
atomic ensembles, coherence and interference effects in optical meta-materials, as well as 
ground-state and non-equilibrium properties of strongly interacting ultra-cold quantum 
gases.
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Synthetic polymer chemistry: design and synthesis of novel functional polymer materials; 
branched and dendritic polymers; block copolymers and nanostructures; novel surfactants 
and biomedical application. Central research areas: polyether chemistry, polyesters, Si-
based polymer structures (polycarbosilanes, polysiloxanes). Central objectives are the 
design of novel macromolecular architectures, investigation of their structure-property re-
lationships, and potential application in areas like nanotechnology, surface modification, 
medicine, and sensor technology. Novel Li-ion conductors and hybrid structures with high 
ion mobility (in the context of the ITRG).
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The research comprises the development and application of quantum-chemical methods 
for the investigation of the electronic structure of atoms and molecules. The emphasis is on 
high-accuracy calculations with the inclusion of electron-correlation effects (via many-body 
methods, such as perturbation or coupled-cluster theory) and on the efficient calculation 
of molecular properties (molecular geometries, NMR parameters, excitation energies, etc.) 
using analytic-derivative and response-theory techniques. The application of quantum-
chemical methods to chemical problems involves issues from all areas of chemistry ranging 
from the highly accurate prediction of rotational spectra up to the determination of the 
structure of supramolecular systems via NMR chemical-shift calculations.
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The “Magnetism” research group of Burkard Hillebrands is active in the field of spin dy-
namics and spintronics, focusing on high frequency phenomena, such as spin waves and 
their quanta, the magnons, and ultrafast magnetic switching processes. As main experi-
mental techniques Brillouin light scattering (BLS) spectroscopy and microscopy, as well as 
magneto-optic Kerr effect (MOKE) techniques are used. The research field currently com-
prises magnon-based spintronic phenomena, magnon gases, magnonic spin-caloric trans-
port phenomena, and novel spintronic materials.
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The work of Kurt Kremer focuses on numerical investigations of polymer systems and soft 
matter in general, based on intensive efforts in methodological development. These include 
multi-scale simulation techniques as well as novel adaptive resolution procedures. Systems 
covered range from highly idealized polymer models, which are used to investigate basic 
conformational and rheological properties, to highly specialized models for macromolecu-
lar organic electronics or biological problems.
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Molecular self-assembly represents a very promising strategy for the fabrication of tailor-
made functional structures, e.g., for future molecular electronic devices. Consequently, 
molecular self-assembly has been studied extensively on metallic surfaces, gaining deep 
insight into the mechanisms governing molecular self-assembly. For many applications, 
however, these studies need to be extended to insulating substrates, e.g., in order to 
reduce electronic coupling to the substrate surface. Other areas of interest include bio-
mineralization, incrustation inhibition, and on-surface synthesis. Our research is dedicated 
to understanding molecular binding and structure formation on dielectric surfaces, both 
under the precise control of ultra-high vacuum as well as in biological relevant environ-
ments such as aqueous solutions. Our main experimental technique is atomic force micros-
copy operated in the non-contact mode, allowing for true atomic resolution imaging. We 
collaborate closely with organic chemists to explore the structural variety of tailor-made 
organic molecules providing dedicated functionalities. For detailed data interpretation, 
we work in close cooperation with theoreticians, revealing insights into molecule-surface 
interactions, and contrast formation in atomic force microscopy. Besides projects dedi-
cated to a fundamental understanding of molecular structure formation, we also perform 
application-oriented projects in cooperation with industrial partners.
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The mini-emulsions process represents a versatile tool for the formation of polymeric nano-
particles and nanocapsules consisting of different kinds of polymers as obtained by a variety 
of polymerization types, ranging from radical, anionic, cationic, enzymatic polymerization 
to polyaddition and polycondensation. In combination with a specific functionalization 
of the nanoparticles’ or nanocapsules’ surfaces and the possibility to release substances 
in a defined way from the interior, complex nanoparticles or nanocapsules are obtained, 
which are ideally suited in materials and in biomedical applications as marker and targeted  
delivery systems.
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The Müllen group focuses on the development of synthetic concepts for low molecular 
compounds and polymers applicable in electronics, biomedical transport, modern energy 
technologies and in materials sciences. In particular, a polymer synthesis-driven approach 
toward graphenes using twisted dendritic polyphenylenes as precursor has been de- 
veloped to obtain monodispersed nanographenes can be used as perfect materials for 
modern polymer electronics, e.g., in  field effect transistors, for energy storage in batteries 
or as electrode materials.
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Ultra-cold quantum gases are an ideal instrument to study many-body physics under con-
trolled and clean experimental conditions. The research group led by Herwig Ott specializes  
in high resolution imaging and manipulation of ultra-cold quantum gases employing scan-
ning electron microscopy. Using this technique, the local static and dynamic properties 
can be investigated with high precision. The research topics that are studied within the 
group include low-dimensional quantum gases, static and dynamic correlation functions, 
tunneling dynamics in optical lattices, non-equilibrium dynamics, the implementation of 
long-range interactions via Rydberg states, the simulation of quantum spin systems, dis-
sipative processes in ultra-cold quantum gases, as well as technical applications such as 
high brightness ultra-cold ion sources.
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The group focuses on experimental soft matter physics, in particular, strongly inter- 
acting colloidal systems investigated by optical microscopy and light scattering. Equilibrium  
properties of colloidal fluids, crystals glasses and clusters (phase behavior, elasticity, diffu-
sion, conductivity), non-equilibrium properties (behavior in confinement and under shear), 
and phase transition kinetics are topics of particular interest and pursued in close col-
laboration with theory and simulation. Recent developments also include low-dimensional 
systems and surface physics of colloidal solids. 
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The group uses recombinant plant proteins for tailor-made biological-chemical hybrid 
constructs with potentially useful functions. Our main object is the major light-harvesting 
chlorophyll protein of the photo-synthetic apparatus, a spontaneously folding, and as-
sembling pigment-protein complex. The mechanism of its self-organization is unraveled 
by spectroscopic means, and the complex is decorated with organic dyes and/or bound to 
semiconductor nanocrystals or other solid surfaces for potential photovoltaic or biosensor 
functions. Another approach uses recombinant derivatives of silica-biomineralizing protein 
from diatoms, aiming to use these to control low-pressure, low-temperature silica forma-
tion on various surfaces. Finally, we work with a water-soluble chlorophyll-binding protein, 
another spontaneously assembling pigment-protein complex that is attractive because 
of its unusual thermal and biochemical stability. Our expertise includes the generation, 
mutagenesis, and modification of recombinant proteins, including membrane proteins in 
artificial liposomes. Structures are analyzed by biochemical and spectroscopic techniques, 
including fluorescence and CD spectroscopy, stationary or time-resolved. In collaboration 
with other groups we use EM, EPR, NMR, AFM, and MS.
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A particularly active area of nanoscience deals with the design, synthesis, investigation, 
and modeling of magnetic particles of nanometer scale. Molecular magnetism is one of the 
most challenging research areas in the development of new technologies in electronics. We 
synthesize molecular clusters and extended low dimensional systems of exchange-coupled 
transition metal ions. In particular clusters with isolated spin ground states and molecular 
size big enough to make addressing possible are essential objectives. Within this research, 
the assembly of pre-formed polymetallic clusters by covalent bonds in a step-by-step 
strategy has become a quite desirable goal. We use trinuclear carboxylate-bridged metal 
complexes as they display a wide variety of interesting properties associated with spin 
frustration, mixed-valency in homometallic compounds, or high spin state in heterometallic  
compounds. In addition to high level magnetic susceptibility measurements, XPS and 
XMCD investigations on distinct clusters are performed in collaboration with the groups 
led by Hans-Joachim Elmers and Gerhard Schönhense. The search for new compounds with 
interesting magnetic properties has prompted us also to combine different spin carriers 
within the same molecular entity. Thus, stable organic radicals attached to spin carrying 
transition metal ions were investigated. Sophisticate EPR spectroscopic investigations were 
done in collaboration with Dr. Hinderberger from the MPIP.
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The research of the Condensed Matter Theory group is devoted to the statistical thermo-
dynamics of solids and liquids, with special focus on soft condensed matter and complex 
fluids (membranes, polymers, colloids), and on biologically motivated problems. Since our 
research heavily relies on computer simulations, much effort is also spent on the develop- 
ment of new efficient simulation techniques. Among other topics, we are currently in-
terested in the transport and electrohydrodynamic phenomena in electrolyte solutions 
(electrophoresis and dielectrophoresis), in self-organizing macromolecular systems, and 
in membrane phase transitions. We perform our simulations on local clusters (including  
GPUs) and on parallel supercomputers.
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Synthesis of perfectly defined polymers with chemical recognition sites for directed self-
assembly, biological synthetic hybrid polymers for biomedical applications, polyelectrolytes 
and polyelectrolyte complexes including DNA and RNA, polymer characterization, in par-
ticular light scattering techniques including stopped flow light scattering for monitoriza-
tion of aggregation processes.
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The Schönhense group works in the research areas of electron-spectroscopy (UPS, XPS) and 
-microscopy (PEEM). Special aspects are Synchrotron-radiation based techniques (XMCD-
PEEM, NEXAFS, HAXPES), non-magnetic and magnetic dichroism effects in photoemission 
and detection of electron spin-polarization. Current research is focused on novel charge-
transfer complexes, pre-solar and early solar stardust samples (cooperation with MPI for 
Chemistry), ferromagnetic films and adsorbates. Imaging techniques with ultrahigh time 
resolution and plasmon-mediated optical near fields are studied using fs-laser PEEM. 
One recent issue is the transfer of angular momentum by circularly polarised near fields.  
Various technological goals concern the combination of microscopy and spectroscopy. The 
group developed extensions of the photoemission electron microscope (PEEM), in par-
ticular, time-of-flight techniques and time-resolved image detection. This development led 
to the foundation of a spin-off company (Surface Concept GmbH). Several types of spin-
polarization detectors (including a novel multichannel version) have been developed, the 
latter in cooperation with the MPI of Microstructure Physics, Halle. In cooperation with 
the MPI for Polymer Research, we study donor-acceptor combinations based on novel  
functionalized polycyclic aromatic hydrocarbons and charge-transfer salts using UPS,  
NEXAFS, and HAXPES. A project of current interest is the application of spin-resolved  
detection in HAXPES.
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The Nanobiotechnology Group (AG Sönnichsen) at the Institute of Physical Chemistry of 
the Mainz University studies the physical chemistry of nanoparticles. Our focus is on metal 
particles with plasmon excitations and their use as molecular sensors for single molecule 
investigations, the use of plasmonic particles for biomedical diagnostics, and the use of 
metal-semiconductor hybrid nanoparticles for photo-catalysis. Furthermore, we are in-
terested in the physical and chemical mechanisms of wet-chemical nanoparticle formation 
itself and the basic physical and chemical properties of the resulting particles. Besides 
optical microscopy, a main characterization technique is electron microscopy. The group 
runs currently five electron microscopes, offering an electron microscopy characterization 
service for the whole university and industry.
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The unique versatility of magnetic resonance techniques is exploited to study various as-
pects of soft matter science. As far as the structure of supramolecular functional materials 
is concerned, specific detail such as weak hydrogen bonds can determine the pitch angle in 
columnar photoconductors. Collective dynamics can be identified, which is crucial for the 
processing of such materials. Similar statements hold for hydrogen bonded supramolecu-
lar aggregates. Electron Paramagnetic Resonance (EPR) yields unique information about 
the phase transitions of thermoresponsive polymers, which is much more involved than 
suggested from scattering experiments. Such knowledge can directly be used in Dynamic 
Nuclear Polarization for future applications in medical Magnetic Resonance Imaging. Ad-
vanced pulsed EPR techniques also provide important insights in the relation between 
structure and function of proteins. For instance, in Human Serum Albumin, the structure 
in solution differs significantly from that in the crystal, in particular at the periphery. This 
flexibility as determined by EPR spectroscopy is the key for understanding the function of 
this important transport protein.
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MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

The Inorganic Materials Chemistry group is interested in the synthesis, the in-depth structural 
and physical characterization, and the design and potential applications of new materials with 
a variety of chemical, physical, or electronic properties. Areas of interest include electronic and 
magnetic materials, tribology, and surface properties. A second and larger field of activity is the 
chemistry of organized matter. Our interdisciplinary research combines elements of chemistry, 
physics, engineering, and biology for an understanding of self-assembly and self-organization in 
both equilibrium and non-equilibrium ensembles at various length-scales. We apply these ideas 
in practical applications ranging from micro and nanotechnology to biology and biomedicine. 
In particular, we are interested in bio-inspired, chemically-derived routes to complex inorganic 
materials. We are attempting in a bottom-up approach to integrate concepts and knowledge 
of how organisms fabricate biominerals, such as bones, shells, and teeth within a biomimetic 
approach to the synthesis of organized materials with structural hierarchy and morphological 
complexity across a range of length scales. Top-down and bottom-up approaches converge in 
our biology-oriented work on the self-assembly of cell components responsible for metastasis. 
The knowledge of how these components assemble and interact with one another is important 
for the part of our research devoted to the discovery of new antimetastatic drugs.

Prof. Gerhard Wegner
Max PLancK InstItUte FOR POLyMeR 

ReseaRch, MaInZ

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

Design and study of properties of novel polymeric solids based on the self-organizing fea-
tures of macromolecules; methods for organizing macromolecules in two or three dimen-
sions; analytical techniques characterizing the relation of molecular features to the packing 
and interaction of molecules on various length scales; materials science of polymers.

seLected PUBLIcatIOns

•	  Junk MJN, Li W, Schlüter AD, Wegner G, Spiess HW, Zhang A, et al. (2010). EPR Spectro-
scopic Characterization of Local Nanoscopic Heterogeneities during the Thermal Col-
lapse of Thermoresponsive Dendronized Polymers. Angewandte Chemie-International 
Edition 49(33): 5683-5692.

•	  Baluschev S, Yakutkin V, Miteva T, Avlasevich Y, Chernov S, Aleshchenkov S, Nelles G, 
Cheprakov A, Yasuda A, Müllen K, Wegner G (2007). Blue-Green Up-Conversion: Non-
coherent Excitation by NIR Light. Angewandte Chemie-International Edition 46: 7693-
7696.

seLected PUBLIcatIOns

•	  Sahoo JK, Tahir MN, Yella A, Schladt TD, Mugnaoli E, Kolb U, Tremel W (2010). Reversible 
Self-Assembly of Metal Chalcogenide/Metal Oxide Nanostructures Based on Pearson 
Hardness. Angew. Chem. Int. Edit. 49(41): 7578-7582.

•	  Birkel CS, Mugnaioli E, Gorelik T, Kolb U, Panthöfer M, Tremel W (2010). Solution Synthe-
sis of a New Thermoelectric Zn1+xSb Nanophase and its Structure Determination Using 
Automated Electron Diffraction Tomography. J. Am. Chem. Soc. 132(28): 9881-9889.
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Prof. Rudolf Zentel
InstItUte OF ORGanIc cheMIstRy,  

JOhannes GUtenBeRG UnIveRsIty MaInZ

MeMBeR OF Gsc sInce 11/07

aRea OF ReseaRch

The group’s expertise lies in synthetic polymer chemistry and is directed toward the design 
of new polymeric materials with properties like: response to electric fields, interaction with 
light, semiconducting properties. The molecular structure is thereby chosen as basis for 
the materials properties. The research interests center around 3 topics: 1. liquid crystal-
line materials and mesophases in general; 2. synthesis of self-organizing semiconducting 
polymeric materials; 3. the crystallization of monodisperse colloids into photonic crystals 
including replica formation.

seLected PUBLIcatIOns

•	  Zorn M, Weber SAL, Tahir MN, Tremel W, Butt HJ, Berger R, Zentel R (2010). Light-Induced 
Charging of Polymer Functionalized Nanorods. Nano Lett. 10(8): 2812-2816.

•	  Zorn M, Bae WK, Kwak J, Lee H, Lee C, Zentel R, et al.(2009). Quantum Dot – Block Co-
polymer Hybrids with Improved Properties and their Application to Quantum Dot Light-
Emitting Devices. ACS Nano 3(5): 1063-1068.

No. Last Name,  
First Name 

Current Institution Member of GSC 
from – until

1. prof. Bach, Volker institute for analysis and algebra, 
Braunschweig institute of Technology

11/07 – 09/10

2. prof. Banhart, Florian ipcMs, University of strasbourg 11/07 – 12/07

3. prof. Bloch, immanuel Max-planck institute for Quantum 
optics, Munich

11/07 – 03/09

4. prof. Janshoff, andreas institute for physical chemistry, 
University of Göttingen

11/07 – 12/08

5. prof. Knoll, Wolfgang austrian institute of Technology, Vienna 11/07 – 07/08

FoRMeR pRiNcipal iNVesTiGaToRs
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No. Last Name,  
First Name 

Current Institution Member of  
GSC since

1. Baumgarten, Martin, phD Max planck institute of polymer 
Research

11/07

2. Jun.-prof. Blümer, Nils institute of physics, JGU 11/07

3. prof. Decker, heinz institute of Molecular Biophysics, JGU 11/07

4. Fecher, Gerhard, phD institute of inorganic and analytical 
chemistry, JGU

11/07

5. Jun.-prof. hoffmann-Röder, anja institute of organic chemistry, JGU 05/09

6. Jakob, Gerhard, phD institute of physics, JGU 11/07

7. Jourdan, Martin, phD institute of physics, JGU 11/07

8. Jun.-prof. Kühne, Thomas institute of physical chemistry, JGU 11/10

9. prof. Kläui, Mathias institute of physics, JGU 05/11

10. prof. Markl, Jürgen institute of zoology, JGU 11/07

11. oettel, Martin, phD institute of physics, JGU 11/07

12. schärtl, Wolfgang, phD institute of physical chemistry, JGU 11/07

13. prof. schilling, Rolf institute of physics, JGU 11/07

14. Jun.-prof. schneider, hans christian Department of physics, TUKl 11/07

15. Jun.-prof. sirker, Jesko Department of physics, TUKl 11/09

16. Jun.-prof. sulpizi, Marialore institute of physics, JGU 11/10

17. Weigel, Martin, phD institute of physics, JGU 11/10

18. prof. Widera, artur Department of physics, TUKl 11/10

19. prof. van Dongen, peter GJ institut of physics, JGU 11/07

associaTeD MeMBeRs

No. Last Name,  
First Name 

Current Institution Member of GSC 
from – until

1. prof. Dr. Blaum, Klaus Max planck institute for Nuclear 
physics, heidelberg

11/07 – 07/08

2. prof. Deserno, Markus ipcMs, University of strasbourg 11/07 – 12/07

3. prof. Kuhr, stefan Max-planck institute for Quantum 
optics, Munich

11/07 – 08/09

4. Maskos, Michael, phD institut für Mikrotechnik Mainz 11/07 – 05/09

5. prof. Knoll, Wolfgang austrian institute of Technology, Vienna 11/07 – 06/09

6. prof. Rauschenbeutel, 
arno

institute of atomic and subatomic 
physics, Vienna University of Technology

11/07 – 06/10

7. prof. Renz, Franz institute of anorganic chemistry, 
University of hanover

11/07 – 12/07

8. prof. schilling, Tanja Theory of soft condensed Matter, 
University of luxembourg

11/07 – 12/09

FoRMeR associaTeD MeMBeRs
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no. Last name,  
First name 

title of thesis host 
supervisors

Member of  
Gsc since

1. afshar, Yasar polymer induced pores in lipid-Membranes prof. schmid 04/11
2. agrawal, Milan spin Dynamics in Non-Magnetic Metals prof. hillebrands 09/10
3. Bannwarth, Markus Magnetic switchable Nanocapsules prof. landfester 02/11
4. Böhm, paul Functional silicones and silicone-containing Block copolymers prof. Frey 01/09
5. Bühler, Jasmin poly(2-oxazoline) brushes as Nanocarriers for biomedical applications prof. schmidt 08/11
6. calcavecchia, Francesco The Quantum Fluid of Metallic hydrogen prof. Kühne 11/10
7. crisenza, Tommaso characterization of Thermoplastic elastomers from Rubber-plastic Blends prof. Butt 02/11
8. custodio, catarina Development of New smart surfaces able to control specific cell interactions onto Biodegradable substrates del campo, phD 10/10
9. Dadfar, Mohammad investigation of Mechanical and Rheological properties of polymer Material prof. Butt 10/10

10. Dietzsch, Michael precipitation of calcium carbonate during the early stages in the presence of polyionic additives prof. Tremel 01/11
11. Doroshenko, Misha Fluorescence correlation spectroscopy studies of Diffusion and Flow Near solid/liquid interface prof. Butt 10/10
12. Duro castano, aroa Define polyglutamates as Drug carriers prof. zentel 04/11
13. ebert, Marlon De-Mixing and Test particle Dynamics in complex Fluids prof. oettl 03/09
14. Fernandez, almudena Molecular Dynamics of poly electrolyte Brushes prof. spiess 05/11
15. etzold, Fabian photophysics of Bulk heterojunction solar cells laquai, phD 08/10
16. Fischer, anna synthetic strategies towards Different polyester architectures prof. Frey 09/10
17. Fuentes, clara cell culture and cell analysis as cell adhesion with calcein staining and cell proliferation with alamar Blue assays del campo, phD 11/10
18. Gilz, lukas Non-equilibrium Quantum Thermodynamics prof. anglin 04/10
19. Golling, Florian olefin polymerisations in Fluorous emulsions prof. Müllen 08/11
20. Graf, Tanja TMR Devices Based on heusler compounds prof. Felser 11/08
21. happ, peter heterometallacrowns as high-spin Molecules prof. Rentschler 02/11
22. hauke, christopher investigating codeposition and Molecular self-assembly of Thermically stable Molecules on insulating surfaces Using Noncontact atomic Force Microscopy prof. Kühnle 03/11
23. heinrich, christophe control over the Thermal conductivity in Metallpnictides and chalcogenides Through creation of Nanodomains prof. Tremel 04/11
24. hofmann, anna Maria stealth liposomases Based on polyether Modified phospholipids prof. Frey 11/08
25. horzum polat, Nesrin Functionalization of electrospun Nanofibers with Metal oxide Nanoparticles prof. landfester 08/11
26. inci, Bora TeM characterization of crystallization of polyolefines prof. landfester 04/11
27. Jagau, Thomas Treatment of excited states in Multireference coupled-cluster Theory prof. Gauß 02/11
28. Jakobs, sebastian investigation of Quantum-Well systems with a Giant spin-orbit-coupling by Means of spin-, Time- and angle-Resolved Two-photon-photoemission (sTaR-2ppe) prof. aeschlimann 12/10
29. Jung, Björn switchable polymeric hybrid Materials for lab on a chip Devices prof. zentel 03/11
30. Kaveh, Faraneh Bioadhesion prof. Butt 03/11
31. Kieslich, Gregor synthesis and characterization of Nanostructured Thermoelectrics prof. Tremel 10/10
32. Kins, christoph NMR structure and Dynamics of Functional Materials prof. spiess 01/11
33. Koll, Dominik Three approaches Towards one aim: Nanostructured photovoltaic Devices prof. Tremel 11/08
34. Koll, Kerstin selective Biofunctionalization of Magnetic Nanoparticles for Drug Delivery in cells prof. Tremel 11/08
35. Kolman, Krzysztof Mechanism of Ultra-Fast Delamination of Montmorillonite in protein solutions prof. Butt 03/11
36. Kozina, Xeniya hard X-Ray photoemission of Bulk and Thin Films of heusler’s compounds prof. Felser 11/08

DocToRal sTUDeNTs  
cURReNT DocToRal sTUDeNTs
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37. Krez, Julia Nanostructuring of half-heusler compounds and Related structures for Thermoelectric applications prof. Felser 08/11
38. labouvie, Ralf Ultracold Bosons in optical lattices prof. ott 01/11
39. li, changhua Kinetic studies on Uptake and Release of DNa into and from cylindrical Brush polymers prof. schmidt 10/10
40. Malzahn, Kerstin Drug Release systems Based on plasma-polymerization Modified surfaces prof. landfester 07/11
41. Mangold, christine Functional poly(ethylene oxide)-based copolymers prof. Frey 12/09
42. Mangold, hanah Morphological characterisation of the absorber Blend laquai, phD 10/10
43. Medina, angel DNa-polycation complexation in organic solvents prof. schmidt 10/08
44. Medina hernando, stefan simulation Methods for electrolytes at high salt concentrations prof. schmid 07/10
45. Meshcheriakova, olga Magnetism and superconductivity under pressure prof. Felser 11/10
46. Mix, christian laserablation of interface Dominated oxide heterostructures Jakob, phD 02/11
47. Moderegger, Dorothea Radioactive labeling and in vivo evaluation of Nanoparticular systems Using positron emission Tomography prof. zentel 01/10
48. Moers, christian amphiphic Branched polymers prof. Frey 11/10
49. Mück, leonie Multireference coupled-cluster Methods for open-shell systems prof. Gauß 01/10
50. Müller, sophie polyether-based lipids for biomedical applications prof. Frey 08/11
51. Muth, Dominik Dynamics of Ultra cold Quantum Gases in low Dimensions prof. Fleischhauer 09/09
52. perkert, sandra investigation of electronic correlation effects in organic charge-Transfer salts Using scanning Tunneling spectroscopy prof. elmers 04/11
53. plenk, christian Building Units of high-spin Molecules prof. Rentschler 06/11
54. prasad, Janak plasmonic Nanoparticles as Multiplexed sensors prof. sönnichsen 10/10
55. Rahe, philipp Molecular self-assembly on the cacite (104) surface prof. Kühnle 08/10
56. Reichert, peter Molecular structure of liquid interfaces studied by X-Ray Reflectivity prof. Butt 01/11
57. Reuß, Valerie Responsive Macrocyclic polymers prof. Frey 10/09
58. schattling, philipp Utilization of organic and inorganic Membranes for Templating organic semiconductors to be Used in organic photovoltaic applications prof. zentel 05/11
59. schömer, Martina synthesis and application of Noncrystalline, Multifunctional polyethers Based on polyethylene Glycol peG prof. Frey 10/09
60. schoop, leslie Mareike investigation of superconducting properties in alB2 structure Type and Related compounds prof. Felser 04/11
61. schüll, christoph hyperbranched polymer Brushes prof. Frey 07/10
62. schwall, Michael heusler compounds for Thermoelectric applications prof. Felser 08/11
63. sebastian, Thomas Magnetization dynamics in micro structural heusler films prof. hillebrands 03/10
64. slaughter, liane in Vitro Development of a lipid sensing system for small Volumes prof. sönnichsen 08/11
65. söffing, stefan spin and charge correlations of interacting Fermions on Finite lattices prof. eggert 06/09
66. sun, Yi preparation of porous anodic alumina Template with Different pore size prof. landfester 02/11
67. Tonhauser, christoph synthesis of Functional polymers in a Microstructured Reactor prof. Frey 09/09
68. Vogel, Nicolas approaches to lithography Using colloidal Monolayer architectures prof. landfester 09/08
69. Wei, Wei controlled synthesis of Graphene Materials for energy storage prof. Müllen 06/11
70. Vogt, Katrin spin-Wave Transport in Two-Dimensional Microstructures prof. hillebrands 06/10
71. Weller, Désirée synthesis and characterization of Thermoresponsive polymer Brushes with peptidic side chains prof. schmidt 04/11
72. Wenzlik, Daniel Fluorescent Nanorod - cholesteric liquid crystal composites as Mirrorless lasing Devices prof. zentel 04/10
73. Werre, Mathias New sythetic strategies to Mictoarmstarpolymers and anBan-Triblockcopolymers prof. Frey 07/10
74. Wilms, Dorothea colloidal systems in confinement prof. Binder 10/10
75. Yoojin, Kim organic solar cells laquai, phD 08/11
76. zeier, Wolfgang Thermoelectric Transport properties of chalcogenides prof. Tremel 10/10
77. zickler, Martin investigation of the electronic coupling by applying single Molecule spectroscopy prof. Basché 08/11
78. zöphel, lukas Design and synthesis of extended polycyclic aromatic hydrocarbons for electronic applications prof. Müllen 06/10
79. zur Borg, lisa semiconducting Block copolymers for optoelectronic Devices prof. zentel 06/11
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no. Last name,  
First name 

title of thesis host  
supervisor

Member of Gsc  
from – since

1. andres, Markus correlations in low Dimensional spin and Fermion lattice Models prof. eggert 05/07–04/08
2. anyfantakis, Manos Writing of Mesoscopic structures in polymer solutions Using laser Beams prof. Butt 02/09–01/10
3. Bantz, christoph polymeric Nanoparticles and Nanocontainers: From Materials science to Biotechnology prof. schmidt 01/08–12/09
4. Barz, Matthias Functional polymer Based Nanoparticles: Development of Defined complex structures as Basis for in vitro and in vivo applications prof. zentel 04/07–12/09
5. Battagliarin, Glaucho synthesis of zwitterionic acridinic Derivatives with high Torsional angle along the conjugation axys Direction prof. Müllen 02/09–01/10
6. Beckmann, Dirk Benzo-bis-benzothiophene Based organic Field-effect Transistors prof. Müllen 01/08–07/09
7. Beyer, patrick photocrosslinkable liquid crystalline polymers with Different chain Topologies prof. zentel 01/07–07/07
8. Birkel, alexander Tin (iV) oxide Nanostructures: controlled synthesis, properties and applications in Dye-sensitized solar cells prof. Tremel 06/08–10/10
9. Birkel, christina Wet chemistry synthesis Towards Nanostructures of Thermoelectric antimonides prof. Tremel 06/08–10/10

10. Bohle, anne NMR on supramolecular assemblies prof. spiess 02/08–02/10
11. Busko, Dmitry conversion of the Multimode conical laserBbeams by simulated Raman scattering prof. landfester 05/09–07/10
12. cho, Don Mark synthesis and characterization of polymers for Use in organic electronic Devices prof. Müllen 08/08–06/10
13. coustet, Marcos photoactive Macromolecular Materials del campo, phD 08/10–11/10
14. Dallos, Timea study of the synthesis and intramolecular interactions in the case of phenothiazine Derivates and other heterocyclic Rings prof. Müllen 04/08–03/09
15. Dockter, christoph The analysis of structure and assembly of light-harvesting complex ii by electron paramagnetic Resonance (epR) prof. paulsen 12/07–08/09
16. eichhorn, Tobias Microstructure of epitaxial Ni2MnGa Films Jakob, phD 10/08–09/10
17. Fassbender, Birgit synthesis of polyphosphacenephosphonicacid as electrolyte Membrane in Fuel cells prof. spiess 01/08–12/09
18. Feist, Florian investigations on the photophysics of single conjugated polymer chains at low Temperatures prof. Basché 06/06–05/09
19. Filevich, oscar Biocompatible caged-compounds to control Gene expression by light del campo, phD 09/09–02/10
20. Fine, Tamir Mechanical properties of pore spanning MDcK ii apical and Basolateralplasma Membranes probed by aFM prof. Janshoff 01/08–01/09
21. Fischer, Janina Near-Field Mediated enhancement of Two-photon-induced Fluorescence on plasmonic Nanostructure Kreiter, phD 06/09–05/10
22. Fleischhaker, Friederike Designed Functional Defects in colloidal photonic crystals: switching, Biomonitoring and Modified photoluminescence prof. zentel 08/06–05/07
23. Flügel, sabine oligodeoxynucleotide-polypeptide Block copolymers prof. M. schmidt 01/07–01/10
24. Fritz, Dominik coarse Graining Methods and polymer Dynamics prof. Kremer 11/08–03/10
25. Gan, Yanjie point Defects in carbon Nanostructures studied by in situ electron Microscopy prof. schmidt 05/08–10/08
26. Geidel, christian hydrophobic Modified anorganic Nanoparticles for Nano-composite Materials prof. Müllen 01/09–07/10
27. Gojzewski, hubert Visco-elastic properties of Thin Nylon Films Using Multi-cycling Nanoindentation prof. Butt 10/08–07/09
28. Gundlach, Kristina plant light-harvester (lhcii) in hybrid complexes with organic Dyes and inorganic semiconductor Nanocrystals (Quantum Dots) prof. paulsen 03/08–06/10
29. Gupta, Jyotsana Nonlinear optical studies of Nano-hybrids and polymers prof. Bubeck 05/09–08/10
30. haberkorn, Niko Template-assisted patterning of Functional polymers prof. zentel 06/08–04/10
31. hadji, Rashid X-ray and Neutron Reflectometry to Determine Thin Film structures prof. Butt 01/08–02/08
32. haschick, Robert synthesis of polymer Nanoparticles in Non-aqueous emulsions prof. Müllen 02/08–07/09
33. herbort, christian Tunnel Junctions with heusler electrodes: spin polarization of co2cro, 6Feo, 4al and the influence of the Barrier prof. adrian 10/07–06/08
34. herrera, isaac sequential Functionalization of copolymers containing Different active-esters prof. zentel 09/08–02/09
35. hild, Kerstin photoemission Magnetic circular Dichroism Using Ultrashort pulse laser prof. elmers 01/09–04/11
36. hilf, stefan New Methods for the Functionalization of Metathesis polymers prof. Frey 07/07–05/09
37. hoshyargar, Faegheh Formation Mechanisms of chalcogenic Nanoparticles prof. Tremel 05/09–05/10

DocToRal sTUDeNTs  
alUMNi
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38. Jakab, arpad optical spectroscopy of Mettalic Nanoparticles prof. sönnichsen 03/08–02/09
39. Jakobi, eberhard Numerical and analytical investigations of strongly correlated Termionic Multiband systems prof. Blümer 11/07–01/09
40. Jaskiewicz, Karmena crystallization of polymers prof. Butt 05/09–12/09
41. Jenkins, catherine Magnetic spectroscopy and Microscopy of Functional Materials prof. Felser 11/07–10/09
42. Jimenez Garcia, lucia improvement of the proton conducting properties of anhydrous Fuel cell Membranes prof. Müllen 01/08–01/10
43. Jung, Martin Magnetic interaction of spin exchange-coupled systems with Nitroxide and Nitronyl-Nitroxide Radicals prof. Rentschler 06/07–01/09
44. Jung, Verena an investigation into complex inorganic Materials with Mössbauer spectroscopy prof. Felser 03/07–02/09
45. Junk, Matthias assessing the Functional structure of Molecular Transporters by epR spectroscopy prof. spiess 11/07–05/10
46. Kamm, Valentin electronic and optical properties of organic semiconductors laquai, phD 08/09–07/10
47. Kessler, Daniel inorganic-organic hybrid polymers: solution-processible coating Materials for Defined surface Functionalization prof. zentel 06/08–08/09
48. Khalavka, Yuriy Metal-semiconductor hybrid particles prof. Binder 09/07–08/10
49. Klinger, Daniel switchable core-shell-particles with an hydrogelic core prof. landfester 01/10–12/10
50. Klos, Johannes synthesis and characterization of oligo(thiophene carboxamide)s prof. zentel 11/08–10/10
51. Kocun, Marta Force spectroscopy of Biomolecules prof. Janshoff 01/08–01/09
52. Köller, Tetyana Transport Behavior of aqueous colloidal polymer Dispersions prof. palberg 05/07–04/10
53. Krohne, Korinna polyelectrolyte-surfactant-complexes and interpolyelectrolyte-complexes Maskos, phD 03/08–09/09
54. Kühn, Frauke polycation-DNa-complexes: characterization and application in Gene Transfection prof. schmidt 01/08–11/10
55. Kulaga, emilia structure of Nanocomposites prof. Butt 05/09–11/09
56. Kutnyakhov, Dmytro spin analysis of photoelectrons from Tunneling Devices prof. elmers 09/07–09/10
57. lange, Birger chemistry on Functional polymer opals prof. zentel 01/07–06/07
58. lazarra, Thomas optical Waveguide spectroscopy and laser-by-laser Dendrimer self assembly in porous aluminia Templates prof. Knoll 01/08–12/08
59. lechmann, Maria chemistry on Functional polymer opals prof. Butt 08/07–07/09
60. li, Yi electrostatically self-assembled prof. schmidt 09/07–08/09
61. liaqat, Faroha Nanostructured hybrid Materials prof. Tremel 06/10–06/11
62. loges, Niklas controllling the Morphology and polymorphy of calcium carbonate by Monomeric and polymeric ionic additives prof. Tremel 05/07–06/09
63. ludwig, christian optimizing Thin-Film solar cells by computer simulations Gruhn, phD 07/08–06/11
64. lotz, alex Multi cantilever arrays for antibacterial coating Förch, phD 10/09–09/10
65. luis, Duque Development and analysis of polymer Based Multifunctional Bactericidal Materials Förch, phD 10/09–09/10
66. luty-Blocho, Magdalena syntheses of polymer-stabilized aU and pt(c) Nanoparticles Using Micro-Mixers prof. schmidt 01/09–03/09, 07/09–09/09, 

01/10–03/10

67. luz, Gisela Biomimetic composites obtained by layer-by-layer assembly of Bioglass and Natural polyelectrolytes del campo, phD 09/10–12/10
68. Makowski, Marcin adhesion of Biopolymers particularly highly adhesive proteins like the catecholic amino acid 3 4-Dihydroxyphenylalanine (Dopa) prof. Butt 10/09–10/10
69. Mauer, Ralf hydrogen Barrier properties of Reactive sputtered alumiumoxide laquai, phD 01/09–07/10
70. Medina, angel light scattering studies on supramolecular polymer structures prof. schmidt 10/08–09/09
71. Medyanyk, Kateryna angular Resolved spectroscopy of charge Transfer salts prof. schönhense 10/08–01/11
72. Meister, Michael Quasi steady-state photoinduced absorption on iD176 laquai, phD 03/09–07/10
73. Meuer, stefan liquid crystalline phases of anisotropic, polymer Functionalized Nanoparticles prof. zentel 05/06–10/08
74. Minoia, andrea Force Field-Based Modelling on self-assembly of Tetrathiafulvalene (TTF) Derivatives prof. Kremer 12/07–11/08
75. Müller, Waltraut hydrophobic and hydrophilic loading of polymeric Vesicles Maskos, phD 09/06–11/09
76. Naing, Tun systematic Wetting studies of au Nanowires on Different surfaces Köper, phD 08/08–11/09
77. Naghavi, shahab ab initio calculations on charge Transfer salts prof. Felser 11/07–12/10
78. Nguyen, Thi huong Rupture Force of aptamer Binding small Molecules prof. Butt 10/09–09/10
79. Neumann, Timo Dynamic control of spin Waves through localized, Magnetic inhomogeneities prof. hillebrands 04/06–11/09
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80. Nicolescu, alina solid state NMR spectroscopy prof. spiess 02/11–04/11
81. Noskov, sergey Determination of hamaker constants of polymeric Nanoparticles in organic solvents and aqueous electrolyte solutions by 

asymmetrical Flow Field-Flow Fractionation
Maskos, phD 02/07–01/10

82. obermeier, Boris linear-hyper Branched Block copolymers as soluble high-loading supports for catalysts prof. Frey 12/07–11/10
83. ohm, christian preparation of Defined Micro- and Nanometer-sized structures from liquid crystalline elastomers prof. zentel 05/08–12/10
84. opper, Kathleen acid containing precise polyolefins prof. Müllen 11/08–03/09
85. pang, shuping Nanostructured Functional carbon Materials for energy storage prof. Müllen 01/08–12/08
86. paroor, harsha Mohan Network Formation in Mixtures of colloids prof. Butt 11/08–11/09
87. poma, adolfo Theoretical Foundation of the coarse-Grained approaches in Multiscale simulations Dellesite, phD 12/07–11/08
88. preis, Jasmin synthesis of hyperbranched polymers on surfaces prof. Frey 05/09–01/10
89. pütz, anna-Maria investigation of higher Dimensional structures like 2D sheets or 3D Net-Work composed of Transition Metal carboxylate complexes prof. Rentschler 09/07–09/10
90. Raccis, Riccardo interaction of Molecular Diffusants and hydrogel components: pNipaam-Rhodamine interaction in solution prof. Butt 10/08–12/09
91. Reuter, Frank Dinuclear 3d-Transition Metal complexes with Derivatives of the para-phenylenediamine as Redoxavtive Bridging ligands prof. Rentschler 08/08–10/10
92. Rix, stephan point Defects in calciumfluoride and their effect on Material properties under 193nm laser irridation prof. Felser 10/08–01/11
93. Roth, Marcel Dynamics of colloidal suspensions: Growth, aggregation, Reorganisation and Dryin prof. Butt 05/08–01/11
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