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With this publication, we present an overview of the
research topics pursued at our faculty, as represented
by the different research groups in the institutes of
chemistry, physics, and mathematics. With Materials
Science being one of Martin-Luther-University’s main
research fields, our primary focus is research related to
Nanostructured Materials, pursued in four different
topical areas, with many links to MLU’s other main
research field, Molecular Biosciences.

In each area, the individual groups’ research is complemented by large-scale collaborative projects funded by
the German Research Foundation (Deutsche Forschungs
gemeinschaft, DFG), the Ministry of Education and
Research (Bundesministerium für Bildung und For
schung, BMBF), and the Seventh Framework Program
(FP7) of the European Union. Our dedication to educating young scientists and school teachers is reflected in a
number of undergraduate, graduate, and postgraduate
study programs, and corresponding specific research
activities.
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Local collaboration partners
A significant part of our research is performed in collaboration with the external
partner institutions located on Halle’s
“weinberg campus.” The close proximity
enables quick and efficient exchange and
personal interaction. A part of our faculty, named here, are co-appointed with our
partner institutes.

Max-Planck-Institute of Microstructure Physics
Prof. Jürgen Kirschner
Prof. Dietrich Hesse
Interdisciplinary Center of Materials Sciences (IZM)
(central institution of Martin Luther University)
Prof. Georg Schmidt
Fraunhofer Institute for Mechanics of Materials (IWM),
Fraunhofer Center for Silicon-Photovoltaics (CSP),
and Fraunhofer Pilot Plant Center for Polymer Synthesis and
Processing (PAZ)
Prof. Ralf Wehrspohn (IWM / CSP / PAZ)
Prof. Michael Bartke (PAZ)
Leibniz Institute of Plant Biochemistry
Prof. Ludger Wessjohann
Prof. Bernhard Westermann
Helmholtz Center for Environmental Research
Prof. Kai-Uwe Goss

Faculty of Natural Sciences II
(Chemistry, Physics, Mathematics)
Address from the dean
Halle as a city of 250,000 inhabitants hosts the MartinLuther University Halle-Wittenberg together with a rich
variety of external research institutes. Located in the
middle of Germany, the Martin-Luther University offers
a full educational and scientific spectrum of activities,
covering science as well as philosophy and theology.
Research at the Faculty of Natural Sciences II covers the
full range from theoretical and experimental science,
starting from theoretical and mathematical aspects
(Institute of Mathematics) to experimental and theoretical physics (Institute of Physics) to molecular sciences (Institute of Chemistry). As part of the newlybuilt campus (“weinberg campus”) the faculty addresses
the growing and advancing need of a dynamic society to
investigate new principles for generating nanostructured materials, thus addressing the growing demand

of sustainability and innovation of high-tech materials.
For us, basic research is a fundamental chain to technology, enabling to link theoretical aspects of mathematics, physics and chemistry with the growing field of
material science, renewable energy as well as polymer
science.
The faculty therefore not only offers traditional edu
cation in one of the classical branches of chemistry,
physics and mathematics, but also education in interdisciplinary fields such as medical physics, renewable
energies, polymer materials science, and economathematics.

Prof. Dr. Wolfgang H. Binder, Dean
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Contact:
Faculty of Natural Sciences II –
Chemistry, Physics and Mathematics
von-Danckelmann-Platz 3
D-06120 Halle (Saale)
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solid interfaces

The downscaling of electronics to nanometer dimensions has stressed
the importance of interfaces and surfaces, holding new promises in
tomorrow’s information and communication technology. A faculty focus is placed on oxide/metal and oxide/polymer interfaces, combining
both, theoretical and experimental aspects. Our activities cover the
full range from theory via material growth and characterization to
device manufacturing and testing, all uniquely combined in one faculty. Thus, our research and education can cover the full range of understanding in functional solids and the associated interfaces.
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Collaborative Research Center 762:

Functionality of Oxide Interfaces
Budget: 18.4 Mio € (9.4 Mio. € Halle share)
Funding periods: January 2008 - December 2011;
January 1012 - December 2015

Project Description

Research Goals

The central aim of the Collaborative Research Center (Sonderforschungsbereich) SFB 762 is the fabrication and characterization
of oxide heterostructures with components exhibiting ferroelectric, magnetic, semiconducting and insulating properties, thus featuring additional degrees of freedom for the design of functional
properties. The analysed materials and structures are multifunctional, i.e. in addition to magnetic and ferroelectric properties also
electrical and/or optical properties are of general interest for the
future application. The central foci of the SFB are functional properties driven by the oxide interfaces and the corresponding coupling
via the oxide interfaces. The coupling is determined by the atomic
structure as well as charge and spin order at the interface. The coupling can be influenced by external electric and magnetic fields,
thus creating the respective functional effects. The coupling can be
of different nature, e.g. electro-optical, electric, piezoelectric, magnetoeleastic or magnetoelectric.

The design of ferroelectric and magnetic oxides with appropriate
properties is one of the games of the SFB 762. Besides traditional
magnetic materials priority is also given to magnetic oxides without d electrons. We are interested in solving the question whether
defect-induced magnetism is stable and reproducible and would
offer an alternative mechanism of magnetism which is particularly
compatible with ferroelectric oxides.
The success of the SFB is based on the combined expertise of surface
science, magnetism, semi-conductor physics, solid state chemistry,
material science and theoretical physics in Halle and Leipzig. A
whole variety of cutting-edge growth and characterisation techniques is available. The theoretical description is material-specific
based on density functional theory. Besides ground state properties we study finite-temperature, transport and time-dependent
effects in the non-equilibrium state.
On a long-term scale the activities of the SFB 762 will offer new
insight into the microscopic properties of oxide interfaces, will design
and synthesize oxide heterostructures and prototypes of functional
devices with potential applications in sensor and information technology.

This image, created with an atomic
force microscope, shows nano-islands
of barium titanate on a strontium
titanate substrate.
Image: SFB 762 (Marin Alexe,
Wenhui Ma, Dietrich Hesse)

Multiferroic interfaces are currently capturing a prominent position
among these systems. Multiferroic materials per se are showing
ferroelectric and magnetic order simultaneously. Ferroelectric
properties are typically coupled to relative structural displacement
of positive and negative ions against each other. These displacements are especially large if the d states of the systems are unoccupied (d0 occupation). On the other hand, ferromagnetism emerges
preferably in systems with partially occupied d shells. Based on
this consideration, ferroelectricity and ferromagnetism should
actually be mutually exclusive. However, by the use of new methods of synthesis, single-phase multiferroics could be fabricated.
The observed electric polarization and magnetization and particularly their coupling effects were frequently very small. A genuine
breakthrough in this respect was achieved with multiferroic thin
films, multiferroic heterostructures and nanostructured multiferroics. State-of-the-art layer deposition techniques allow for the
synthesis of artificially grown layered structures and phases which
cannot be fabricated with conventional concepts of synthesis. Furthermore, by the reduction of dimensionality an enhancement of
the spontaneous ferroelectric polarization, the spontaneous magnetization and the coupling via the interface is expected. In this
context, the magnetoelectric coupling via the oxide interface is
particularly promising since it provides the possibility to control
the spin order with electric fields and the charge with magnetic
fields. This offers to switch the magnetic information by means of
an external electric field and vice versa.

Oxide interfaces in a Pr 0.7 Ca0.3MnO3/SrRuO3 superlattice in
atomic resolution scanned with a transmission electron
microscope (TITAN 80-300)
[M. Ziese et al., J. Phys. D 44, 345001 (2011)]
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Projects and Project Leaders (Second Funding Period)
• A1: Nanoscale multiferroic heterostructures
Dr. Marin Alexe, Prof. Dietrich Hesse (MPI Halle)
• A2: Polarization interaction in wurtzite-perovskite-spinel
heterostructures grown by laser-MBE
Prof. Michael Lorenz (Physics, U Leipzig)
• A3: Atomic structure and local spectroscopy of complex
oxidic structures
Prof. Wolf Widdra (Physics, MLU Halle)
• A4: Electronic ground state and excited state properties of
complex oxidic structures
PD Arthur Ernst (MPI Halle);
Prof. Wolfram Hergert (Physics, MLU Halle)
• A5: Growth, structure and magnetic properties of ultra thin
transition metal oxides on metals
PD Holger Meyerheim, Prof. Jürgen Kirschner (MPI Halle)
• A7: Electronic, geometric, and magnetic properties of multi
ferroic heterostructures
Prof. Reinhard Denecke (Chemistry, U Leipzig); PD Angelika
Chassé, PD Karl-Michael Schindler (Physics, MLU Halle)
• A8: Multiferroic 0–3, 2–2, and 1–3 composites
Prof. Stefan Ebbinghaus (Chemistry, MLU Halle);
Prof. Dietrich Hesse (MPI Halle)
• B1: Defect-induced magnetism in oxides
Prof. Pablo David Esquinazi (Physics, U Leipzig);
Prof. Wolfram Hergert (Physics, MLU Halle)
• B2: Magnetoelectric coupling in multiferroic heterostructures
Prof. Ingrid Mertig, PD Dr. Jürgen Henk (Physics, MLU Halle)
• B3: Optical investigation of magneto-electro-optical interactions and their dynamics in oxide het-erostructures
Dr. Rüdiger Schmidt-Grund (Physics, U Leipzig)
• B4: Lateral transport in all-oxide field-effect structures
Dr. Holger von Wenckstern, Prof. Marius Grundmann (Physics,
U Leipzig)
• B5: Magnetic and electric properties of oxide superlattices with
ultrathin single layers
PD Michael Ziese, Prof. Pablo David Esquinazi (Physics,
U Leipzig)
• B6: Spin-dependent tunneling in oxide heterostructures
Prof. Marius Grundmann (Physics, U Leipzig);
Prof. Ingrid Mertig (Physics, MLU Halle)
• B7: Imaging of short-range correlations at oxide surfaces
and interfaces
Prof. Jamal Berakdar, Dr. Yaroslav Pavlyukh (Physics, MLU Halle);
PD Frank Oliver Schumann (MPI Halle)
• B8: Stress and lattice dynamics of multiferroic systems
Prof. Wolf Widdra (Physics, MLU Halle);
PD Dirk Sander, Dr. Valeri Stepanyuk (MPI Halle)
• B9: Spin pumps and spin transfer at magnetic oxide interfaces
Prof. Georg Schmidt (Physics, MLU Halle)
• B10: Optimal control of multiferroic quantum dynamics in
oxide nano structures
Prof. Eberhard K. U. Groß (MPI Halle);
Prof. Jamal Berakdar (Physics, MLU Halle)
• B11: Multiferroic dynamics at oxide interfaces
Dr. Marin Alexe (MPI Halle);
Prof. Jamal Berakdar, Prof. Georg Schmidt (Physics, MLU Halle)

Participating Institutions
Max Planck Institute of Microstructure Physics Halle
University Leipzig
Otto von Guericke University Magdeburg (only 1st funding period)

Graduate School
Most doctoral students in the SFB 762 are members of the International Max-Planck Research School for Science and Technology of
Nanostructures (www.nano-imprs.mpg.de), which is a joint initiative
of the Max Planck Institute of Microstructure Physics, the Physics
Institute of the Martin-Luther-University Halle-Wittenberg and
the Fraunhofer Institute for Mechanics of Materials. The Research
School supports excellent young scientists on their way to a doctorate
degree with a stipend covering all normal living expenses. Participants are selected on a competitive basis, and are offered interesting interdisciplinary research surroundings and additional training
in the form of lectures, workshops, laboratory training and special
seminars.

The PhD students and Postdocs working in the SFB 762 on their second retreat
on “Magnetic properties of oxidic and multiferroic systems” at the Leucorea in
Wittenberg, Sept. 2009:

Contact
SFB 762
Martin-Luther-Universität Halle-Wittenberg
Institut für Physik
Von-Seckendorff-Platz 1
D-06120 Halle (Saale)
Prof. Ingrid Mertig (spokesperson)
Email: ingrid.mertig@physik.uni-halle.de
Dr. Michael Strauch (scientific coordinator)
Email: michael.strauch@physik.uni-halle.de
Phone: +49 (0) 345-55 25 449
www.physik.uni-halle.de/sfb762
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EU FP7 Project IFOX:

Interfacing Oxides
Budget: 11.3 Mio. € (955 k€ Halle share)
Funding period: December 2010 - November 2014

Project Description

Project Coordination and Partners

The goal of IFOX is to explore, create and control novel electronic
and magnetic functionalities, with focus on interfaces, in complex
transition metal oxide heterostructures to develop the material
platform for novel ‘More than Moore’ (MtM) and ‘beyond CMOS’
electronics, VLSI integratable with performance and functionality
far beyond the state-of-the-art. To this end it will:

The financial administration of the project is done by Nijmegen Uni
versity while the scientific coordinator is MLU Halle (Georg Schmidt)
Partners are, among many others, Nijmegen University (NL), the
Ecole Polytechnique Federale (EPF) de Lausanne (CH), the University of Twente (NL), the Max-Planck.Society, the University of
Glasgow (GB), Fiat company (IT), the University of Antwerpen
(NL), Paul-Scherrer-Institute in Villigen (CH).

• Establish a theoretical basis to identify the most promising materials/heterostructures and to understand the new functionalities
relevant for electronic applications
• Grow oxide films on commercial substrates with a quality comparable to state-of-the-art semiconductor growth
• Establish their patterning and processing conditions within the
boundary conditions of current fabrication technologies
• Characterize their structural, electronic and magnetic properties
to deliver concepts for novel charge and/or spin based devices in
the areas of memories, logic and sensor applications.

Resist structures
used for the
nanostructuring
of oxides

Besides the coordination MLU has several scientific tasks:
1. The development of high resolution patterning processes for
oxides and hybrid structures aiming for device fabrication in
the sub-100 nm regime.
2. Magnetic and structural characterization of magnetic oxides
and their nanostructures
3. Electrical characterization and magnetotransport of magnetic
oxide and hybrid nanostructures.
4. Deposition of magnetic oxide layers and preparation of hybrid
intervaces using pilsed laser deposition, magnetron sputtering,
and evaporation in a dedicated UHV-cluster tool.

Contact
IFOX
Martin-Luther-Universität Halle-Wittenberg
Institut für Physik
Von-Danckelmann-Platz 3
D-06120 Halle (Saale)
Prof. Georg Schmidt (scientific coordinator)
Email: georg.schmidt@physik.uni-halle.de
Phone: +49 (0) 345-55 25 320

Investigations include ferroelectric and ferromagnetic oxides as
well as artificial multiferroic heterostructures (deposited on large
area silicon substrates) with as final deliverable concepts for multifunctional magneto-electronics devices controlled by electric and
magnetic fields and ultimately by ultra short light pulses.
The consortium of world leaders in the areas of theory, oxide deposition, lithography, device fabrication, and various characterization
techniques will allow full control of all interface properties dominating the physical behaviour of oxide nano- and heterostructures.
The goals of IFOX are driven by the needs of a large large automotive company (FIAT) seeking to use oxides in electronic sensors for
MtM and automotive applications. It is further supported by two
SMEs with expertise and infrastructure for epitaxial oxide growth
on Si with the goal to transfer academic knowledge to industry.

www.ifox-project.eu

UHV cluster used for the IFOX project, featuring pulsed laser deposition, organic
molecular beam eptaxy, magnetron sputtering and e-gun evaporation.
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Institute of Mathematics:

Numerical Mathematics

1991–1997
PostDoc and Assistent Professor
(Rostock University, Germany)
1997
Habilitation in Mathematics
(Rostock University, Germany)
1997–2000
Research Scientist (DLR German
Aerospace Center, Oberpfaffenhofen,
Prof. W. Kortüm)
2000–2002
Head of Computational Methods Team
(DLR German Aerospace Center,
Oberpfaffenhofen) and Privatdozent
(Munich University of Technology)
since 2003
Full Professor (C4) of Numerical
Mathematics (Martin Luther
University Halle-Wittenberg)

Contact
martin.arnold@ mathematik.
uni-halle.de
http://sim.mathematik.uni-halle.de/
~arnold
http://www.mathematik.uni-halle.de
Selected publications:
Arnold, M.; et al.
Error analysis of generalized-α Lie group time
integration methods for constrained
mechanical systems. Numerische Mathematik,
2015, 129, 149-179.
Arnold, M.; et al.
Numerical methods in vehicle system
dynamics: State of the art and current
developments. Vehicle System Dynamics, 2011,
49, 1159-1207.
M. Arnold
Numerical methods for simulation in applied
dynamics. In: M. Arnold, W. Schiehlen (eds.):
Simulation Techniques for Applied Dynamics.
Springer Wien New York, 2009.
Pfeiffer, A.; Arnold, M.
Numerical analysis of structure preserving
Nyström methods for Hamiltonian systems.
Applied Numerical Mathematics, 2005, 53,
391-408.

› Time integration of constrained and coupled
systems of differential equations
› Problems with multiple time scales
› Model based simulation and optimization
in science and engineering
› Numerical methods and software for time
dependent problems: Interfaces, constraints,
multi-disciplinary applications

Efficient simulation of heterogeneous
structures with multiple time-scales in physics
The theoretical modelling of physical structureproperty relations on different scales requires the
combination of different simulation approaches
starting from quantum mechanical methods via
molecular dynamics to heterogeneous structures
on still larger scales that are mapped onto fieldtheoretical descriptions to allow an efficient numerical solution.

Multi-disciplinary and multi-scale aspects of
complex phenomena and processes in science and
engineering result typically in mathematical
models of some specific structure that is exploited
by problem adapted numerical methods to improve
robustness, numerical stability and efficiency.
Such specially tailored numerical solution methods
are the backbone of model based simulation and
optimization in various fields of application since
they allow to complement physical experiments in a
very efficient way by computer based simulation.
Our group focusses on time integration methods
for coupled systems of differential equations and
on the numerical solution of constrained systems
that result from the use of redundant coordinates
in network approaches for modelling complex
systems. We study typical problem classes in science and engineering to design specially adapted
time integration methods for constrained systems
that combine numerical stability with numerical
efficiency in terms of computing time.
Multiple time-scales are typical of detailed physical
models and multi-disciplinary problems but cause
severe problems in numerical standard methods.
For this problem class, we investigate semi-analytical methods like the heterogeneous multiscale method (HMM) as well as methods from
singular perturbation theory and multi-rate time
integration methods. Practical applications range
from heterogeneous structures in physics via advection-diffusion-reaction problems in atmospheric chemistry to multi-scale problems in technical mechanics. Software aspects include numerical issues and the standardization of interfaces in
(commercial) simulation software.

Modular time integration of coupled differential equations

Modular time integration of coupled
and constrained systems
The modular structure of complex coupled systems
in science and engineering may be exploited in
time integration combining different time integration methods (with different, problem adapted
time step sizes) for different subsystems and
restricting the data exchange between subsystems appropriately. For stiff and for constrained
systems, the numerical stabilization of these
methods is a topic of active research.
Time integration of non-smooth problems
Design, analysis and implementation of time inte
gration methods are based on mathematical
smoothness assumptions that are frequently violated in applied problems from science and engineering. We investigate alternative approaches
being based on precise localization of discontinuities, on analytical regularization of non-smooth
model components or on a numerical regularization
by so-called time-stepping methods.
Cam shaft angle: Deviation from nominal value
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Institute of Physics

Nonequilibrium Many-Body Systems
Fields of Research:

Current Projects and Future Goals:

› light-matter interaction
› nano photonics
› spin dynamics and nano scale magnetism
› dynamics in correlated many-body systems

Driven quantum spin dynamics
in nanomaterials
We study the spin-dependent electron dynamics in
magnetic nanostructures driven by sub-picosecond
electromagnetic pulses. The aim is a femtosecond
pulse-induced spin separation and control via an
appropriate design of the shape, strength and the
duration of the pulses. The spin-orbital coupling
may be intrinsic or field-induced. Special attention is given to the associated field-assisted magnetotransport properties.

The understanding of the response of matter to
external fields is essential for the prediction and
the control of the optical, electronic and magnetic
properties of materials. Electromagnetic fields
(or light) as external driving, are particularly important, for they can be shaped spatiotemporally
with a high precision. How to utilize these fields
to achieve new functionalities in ultrafast opto
electronic and spintronic devices is one of our research endeavours. We also study how the electronic and the geometrical nature of materials
influences traversing electromagnetic waves.
Further research is focused on the classical and
quantum dynamics of the magnetization or/and
the polarization in low-dimensional magnetic
or/and ferroelectric composites. The aim is the
steering of the relevant order parameters upon
shaping appropriately the driving magnetic or
electric fields. In our studies, a special attention
is devoted to the systems’ many-body nature that
is particularly manifested in effects that cannot
be described within an effective single particle
picture such as the satellites in the single particle
spectra or the two-electron spectra. Our work is
both conceptual and numerical in nature and is
attached in most cases to on-site experimental
activities.

Multiferroic dynamics
Ultrafast switching of the magnetization or the
polarization in magnetic or ferroelectric nanostructures is a key factor for the operational speed
of devices based on these materials such as storage
media and sensors. We study analytically and numerically the conditions under which the order
parameters can be steered swiftly. Major research
is devoted to low-dimensional systems with a
coupled ferroelectric and magnetic dynamics, i.e.
multiferroics. In addition to quantum treatments,
we employ approachs based on the coupled Landau–
Khalatnikov and finite-temperature Landau–
Lifshitz–Gilbert equations. Additionally, we use
Monte Carlo simulations and quantum manybody techniques.
Rise and fall of excitations
in many-body systems
We are interested in understanding how excitations
build up and decay in a many-body systems. To
this end we develop conceptual and numerical
methods to access the simultaneous two-particle
spectra as well as the decay time scale of collective
modes. Our tools are the many-body perturbation
theory, the dynamical mean-field theory and
quantum chemical approaches.

Prof. Dr. Jamal Berakdar
1994
Dr. rer.nat in Theoretical Physics,
University of Freiburg, Germany
1995
Research associate, Royal Holloway
University of London, UK
1995–1997
Feoder-Lynen Humboldt fellow and
research fellow at the Institute of
Advanced Studies, Australian National
University, Australia
1997–2006
Scientific member of the Max-Planck
Institute of Microstructure Physics,
Halle, Germany
since 2006
Full professor of Theoretical Physics,
Martin Luther University HalleWittenberg, Halle, Germany

Contact
jamal.berakdar@physik.uni-halle.de
www.physik.uni-halle.de

Selected publications:
J. Wätzel et al. “Photovoltaic effect of light
carrying orbital angular momentum on a
semiconducting stripe” Optics Express 20,
27792 (2012)
L. Chotorlishvili et al. “Dynamics of Localized
Modes in a Composite Multiferroic Chain”
Phys. Rev. Lett. 111, 117202 (2013)
Y. Pavlyukh et al. “Time evolution of
excitations in normal Fermi liquids”
Phys. Rev. B 87, 205124 (2013)
M. Schüler et al. “Local Ionization Dynamics
Traced by Photoassisted Scanning Tunneling
Microscopy: A Theoretical Approach”
J. Phys. Chem. Letters 4, 1131 (2013)
M. Azimi et al. “Helical multiferroics for
electric field controlled quantum information
processing“ Phys. Rev. B 89, 024424 (2014)

Theory proposal to investigate the local vibrational dynamics
of a single HCN molecule adsorbed on the LiF(001) surface.
After an infrared (IR) pump pulse has induced the vibrational
dynamics, a second laser pulse photoionizes the molecule. The
released electron collected by a STM tip can then be employed
for tracing the transient dynamics. [taken from Ref. 4].

A soliton launched in a ferroelectric (FE) structure
propagates and scatters at the interface (dashed line) with a
ferromagnet (FM). The scattering generates a magnetic
soliton in FM [taken from Ref.2]

M. Schüler et al. “Generation and coherent
control of pure spin currents via terahertz
pulses“ Applied Physics Letters 104, 162409
(2014)
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Institute of Mathematics

Functional Analysis and Application
Fields of Research:
Prof. Siegfried Carl
1975–1981
Researcher, Institute of Solid State
Physics and Electron Microscopy
(since 1992: Max Planck Institute of
Microstructure), Halle
1984
Ph.D. in Mathematics (Dr.rer.nat.),
University of Halle
1990
Dr.rer.nat.habil. (Habilitation),
Institute of Technology, Merseburg
1993–1995
Privatdozent, University of Halle
since 1995
Professor of Mathematics, University
of Halle

Contact
http://www2.mathematik.uni-halle.de/
personen/
http://pi.mathematik.uni-halle.de/carl/
index.php?a=home

Selected publications:
S. Carl and S. Heikkilä. Fixed Point Theory in
Ordered Sets and Applications, Springer, New
York, 2011 (Monograph).
S. Carl. Equivalence of some multi-valued
elliptic variational inequalities and
variational-hemivariational inequalities, Adv.
Nonlinear Stud. 11 (2011), 247-263.
S. Carl. Parameter-dependent variationalhemivariational inequalities and an unstable
degenerate elliptic free boundary problem,
Nonlinear Analysis Series B: Real World
Applications 12 (2011), 3185-3198.
S. Carl and D. Motreanu. Sub-Supersolution
Method for Multi-Valued Elliptic and Evolution
Problems, in: Handbook on Nonconvex Analysis
and Applications, Eds.: D. Gao and D. Motreanu,
International Press of Bosten, Inc.,
Sommerville, Massachusetts, 50 pages, 2010.
S. Carl and D. Motreanu. Sign-changing
solutions for nonlinear elliptic problems
depending on parameters, International Journal
of Differential Equations, Volume 2010, Article
ID 536236, doi: 10.1155/2010/536236.
S. Carl, Vy Khoi Le and D. Motreanu.
Nonsmooth Variational Problems and Their
Inequalities, Springer Monographs in
Mathematics, Springer, New York, 2007
(Monograph).

› Nonlinear analysis
› Nonsmooth variational problems
› Stationary and evolutionary variationaland/or hemivariational inequalities
› Multi-valued elliptic and parabolic problems
› Comparison principles
› Multiple solutions in nonlinear
elliptic and parabolic problems
A classical problem in linear elasticity is to describe the deformation of a clamped elastic membrane Ω ⊂ ℝ 2 under an external force � acting
vertically to Ω. If u: Ω ⟶ ℝ stands for the deformation of the membrane, then 𝑢 is given as the
minimum point of the following energy func
tional 𝔼
where the feasible set is the function space whose
elements have finite energy and generalized
homogeneous boundary values, which is the
Sobolev space 𝐻0 1(Ω). The energy functional
𝔼:  𝐻01(Ω → R is smooth, i.e. 𝔼 is differentiable,
strictly convex, weakly sequentially lower semicontinuous and coercive, which implies the exis
tence of a unique minimizer 𝑢 of 𝔼. This unique
minimizer, which is a critical point of 𝔼 is then
obtained from the equation

which in turn is equivalent to

The latter stands for the weak formulation of the
homogeneous Dirichlet problem

If the deformation happens to be subjected to an
obstacle, which is represented by the closed,
convex set �={�∈ 𝐻01 (Ω):�≤ψ } with ψ standing for the obstacle, then the shape of the deformed membrane 𝑢 is obtained as the minimum
of 𝔼 under the constraints �, which is the solution of the variational inequality

where ⟨.,.⟩ denotes the duality pairing between
𝐻01 (Ω) and its dual space. The solution of the variational inequality turns out to be the unique minimizer of the nonsmooth (still convex) energy
functional

𝔼� (𝑣)  =  𝔼(𝑣)  +  𝐼� (v),

where 𝐼� denotes the indicator function of �.

In generalization of the above classical problem,
we are dealing with nonsmooth variational problems that have their origin in the study of non
differentiable, not necessarily convex energy
functionals 𝔽:� ⟶  ℝ  ∪  {∞} of the following abstract form:

where � is a real reflexive Banach space, Φ:� ⟶
ℝ is locally Lipschitz, and Ψ:� ⟶ ℝ ∪ {∞} is
convex, proper, and lower semicontinuous. As
necessary condition for a critical point 𝑢 of the
(nonsmooth) functional 𝔽 one obtains (Φo denotes
the generalized directional derivative)

a special case of which are the so called variationalhemivariational inequalities. This new type of
variational inequalities allows us to deal with
nonsmooth and nonconvex energy functionals,
and has attracted increasing attention over the
last decade mainly due to its many applications in
mechanics and engineering.

Current Projects and Future Goals:
Our main subject are nonsmooth variational
problems not necessarily related with some potential or energy functional , which arise, e.g., in
the study of boundary value problems with nonsmooth data and/or nonsmooth constraints such
as, e.g., multivalued elliptic problems with multifunctions of Clarke’s subgradient type, variational inequalities, hemivariational inequalities, and
their corresponding evolutionary counterparts.
The main purpose is to provide a systematic and
unified exposition of comparison principles
based on a suitably extended sub- supersolution
method. This method manifests itself as an effective and flexible technique to obtain existence
and comparison results of solutions. Moreover, it
can be employed for the investigation of various
qualitative properties such as, e.g., location, multiplicity and extremality of solutions. In the
treatment of the problems under consideration a
wide range of methods and techniques from nonlinear and nonsmooth analysis are applied.
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Functional Oxide Interfaces
Fields of Research:

Current Projects and Future Goals:

› Multiferroics and ferroelectrics
› Oxide film epitaxy by PLD
› Structure evaluation by x-ray diffraction
› Strain control of electronic properties

Magnetoelectric heterostructures
The magnetoelectric coupling at heteroepitaxial
interfaces between a magnetic and a ferroelectric
oxide are in one focus of our research. Elastic
strain provides one coupling mechanism; hence,
the strain control of magnetic order in complex
oxides is studied directly using dynamic strain
from piezoelectric substrates. This helps to identify
relevant materials. Interfaces between ferroic
oxides will be prepared with atomic precision and
locally characterized on the nanoscale using force
microscopy.

Our research is aimed at the fundamental understanding of ferroic ordering and switching in thin
films, at interfaces, in nanostructures and bulk
materials. Ferroics are materials with a switchable
remanent magnetic, electric or elastic polarization.
They find wide-spread application in data storage,
sensors and piezoelectric actuators. The properties of thin films can be altered and controlled
utilizing interface effects and elastic strain. One
major goal of our research is the discovery of
strain-driven effects. In-situ dynamic strain control
in epitaxially grown oxide films and in semiconductor membranes is realized by using piezo
electric monocrystalline substrates. The approach
gives access to direct measurements of straindependent electronic and optical properties. Thin
films are grown by pulsed laser deposition. Structure characterization in controlled strain states
is done by (in-house or synchrotron-based) x-ray
diffraction.

Strain-dependent ferroelectric switching
Ferroelectric order reacts strongly to distortions
of the crystallographic lattice. The switching
speed also depends on interface and strain effects,
but the relevant physical mechanisms are much
less understood thus far. The switching dynamics
in prototypical ferroelectric films is investigated
in controlled strain states using capacitor geome
tries and piezoresponse force microscopy (PFM).
Oxide micro- and nanostructures
The formation of membranes and rolled-up tubes
from heteroepitaxial oxide films is yet little investigated even though the approach is known for
semiconductors. All-oxide micro- and nanoobjects
are obtained by methods of lithography and etching procedures. Tubes are promising for obtaining
new circular polarization states and strong strain
gradients.
Ferroic domain dynamics
Various approaches of force microscopy will be
utilized for the local characterization of ferroic
domain distributions and dynamics in ex-situ
supplied samples.

Voltage-controlled magnetization of a
La0.7 Sr 0.3MnO3 film

Prof. Dr. Kathrin Dörr
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Selected publications:
E.J. Guo, R. Roth, S. Das, K. Dörr: Strain
induced low mechanical switching force in
ultrathin PbZr0.2Ti0.8O3 films, Appl. Phys.
Lett. 105, 012903 (2014).
J. D. Plumhof, V. Krapek, F. Ding, K. D. Jöns, F.
Hafenbrak, P. Klenovsky, A. Herklotz, K. Dörr,
P. Michler, A. Rastelli, O. G. Schmidt: Effects
of variable anisotropic strain on the emission
of neutral excitons confined in epitaxial
quantum dots. Phys. Rev. B 83, R121302 (2011)
M. D. Biegalski, D. H. Kim, S. Choudhury, L. Q.
Chen, H. M. Christen, K. Dörr: Strong strain
dependence of ferroelectric coercivity in a
BiFeO3 film. Appl. Phys. Lett. 98, 142902 (2011)
M. D. Biegalski, K. Dörr, D.-H. Kim, H.-M.
Christen: Applying uniform reversible strain to
epitaxial oxide films. Appl. Phys. Lett. 96,
151905 (2010)
F. Ding, H. Ji, Y. Chen, A. Herklotz, K. Dörr, Y.
Mei, A. Rastelli, O. G. Schmidt: Stretchable
graphene: A close look at fundamental
parameters through biaxial straining.
Nanoletters 10, 3453 (2010)

Strain-tuned ferroelectric hysteresis of BiFeO3
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Solid State Chemistry
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Selected publications:
S. Riegg et al. Synthesis, structure, and
magnetic characterization of La 2-xR xRuO5
(R = Pr, Nd, Sm, Gd, Dy)
Phys. Rev. B (2011), 84, 014403.
S. G. Ebbinghaus et al. Co-operative and
Frustration Effects in Novel Perovskite-related
Phases, Eur. Phys. J. Special Topics (2010),
180, 91-116.
S. G. Ebbinghaus et al. Perovskite-related
Oxynitrides – Recent Developments in
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of Physical Properties, Prog. Solid State
Chem. (2009), 37, 173-205.

Fields of Research:

Current Projects and Future Goals:

› Preparation, structure and physical
properties of complex oxides
› Solid-state synthesis, single crystal growth
and soft-chemistry approaches
› Structure determination by X-ray and
neutron diffraction
› Processing and characterisation of ceramics
› Magnetic, (di-) electric and thermal
transport properties

Composites for energy storage
For the short-term storage of electrical energy
capacitors are better suited than batteries. The
currently used materials have either low breakthrough voltages or low dielectric constants. With
composites both properties can be optimised.
Our compounds consist of an inorganic component
of high ԑ-value embedded in either inorganic or
polymeric matrices with high dielectric strengths.

Complex oxides are key functional materials for
various applications like data storage devices,
solid oxide fuel cells, thermoelectric converters,
(photo-) catalysts, sensors, superconducting devices, capacitors etc. Our group deals with the
synthesis and characterisation of new oxides
with specific morphologies including crystals,
ceramics, powders, and nano particles. The applied
synthesis methods comprise classical solid state
reactions, sintering techniques, single crystal
growth, plasma-assisted reactions as well as softchemistry approaches like sol-gel synthesis, decomposition of precursors, spray drying/spray
pyrolysis, spin coating, and tape casting.
The materials properties are affected by the complex interplay of crystal structure, composition,
particle sizes and interfaces. Various complementary characterisation techniques are applied,
including X-ray and neutron diffraction, X-ray
absorption spectroscopy, thermal analysis, optical
spectroscopy and electron microscopy. In addition, physical properties like electrical and thermal
conductivity, dielectric behaviour and magnetism
are investigated.

Anionic conductors
High anionic conductivities are required for solid
oxide fuel cells, oxidising catalysts or oxygen
sensors. Ca12Al14O33+δ shows a high oxygen mobility
due to its unique cage structure. By cationic substitutions we intend to further increase the oxygen
conductivity. In addition, the replacement of the
mobile oxygen by other anionic species is studied
with the aim to create a universal anion conductor.

M. H. Aguirre et al. High-Temperature
Thermoelectric Properties of Sr2RuYO 6 and
Sr2RuErO 6 Double Perovskites Influenced by
Structure and Micorstructure, Acta Materialia
(2009), 57, 108-115.
R. Aguiar et al. Photocatalytic Decomposition
of Acetone Using LaTi(O,N)3 Nanoparticles
Under Visible Light Irradiation,
J. Mater. Chem. (2008), 18, 4260-4265.
S. G. Ebbinghaus et al. Ln2Sr2PtO 7+δ
(Ln = La, Pr, and Nd): Three New Pt-containing
[A’2O 1+d][AnBn-1O3n]-type Hexagonal Perovskites,
J. Solid State Chem. (2007), 180, 3393-3400.

Oxide particles obtained by spray pyrolysis

Floating zone furnace.

Cage structure of the
oxygen ion conductor
Ca12 Al 14 O33+δ

Photocatalytic oxynitrides
In oxynitrides parts of the oxygen is replaced by
nitride ions, resulting in dramatic changes of
the optical and electric properties. For various
oxynitrides considerable photocatalytic activities
have been reported. Our goal is to improve the
photocatalytic properties by tailoring the chemical composition and active surface area.
Multiferroic heterostructures
Within the SFB 762 we investigate multiferroic
composites consisting of ferroelectric BaTiO3
and ferromagnetic spinels. Due to magnetoelectric coupling, a magnetic field can affect the
electrical properties and vice versa. Such materials are potential candidates for next-generation
data storage systems. The effect of stoichiometry,
dimensionality and quality/size of the oxide interface on the magnetoelectric coupling is studied
for 0–3-, 2–2-, and 1–3-heterostructures.
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Computational Physics
Fields of Research:

Current Projects and Future Goals:

› Theoretical solid state physics
› Electronic structure and magnetism of
complex materials
› Methods in computational Physics
› Photonics / plasmonics
› History of Physics

Electronic properties of complex oxidic
structures
The ab inito description of oxidic materials requires
an efficient and accurate description of strong correlation effects. This can be achieved by means of
a local self-interaction correction, implemented in
a Korringa-Kohn-Rostoker Green function method.
The method can be used to describe magnetic
and electronic properties of low dimensional and
complex oxides. We have special interest in systems
with mixed valency like La{1-x}Sr xMnO3.

Modern solid state physics is characterized by a
strong interaction of experimentalists and theoreticians. The increase of computational power
and the development of adequate numerical techniques lead to methods which possess predictive
power, i.e. we are able to predict properties of artificial materials. This is an important aspect in
the development of artifical materials with new
functionality like functional oxides or nanoplasmonic structures.
Our group deals mainly with the application and
development of ab initio methods to calculate the
structural, electronic, magnetic and excitation
properties of complex materials. The methods are
based on density functional theory. Central area
of application is the class of functional oxidic
materials. On the one hand we investigate electronic and magnetic properties of oxidic interfaces and surfaces. On the other hand effects of
impurities on the magnetic properties of nominally non-magnetic oxides are studied.
Our investigations are mainly connected to corresponding experimental research projects of our
cooperation partners.

Defect induced Magnetism
Magnetic order in diamagnetic oxides can be induced by defects. Such defects might be vacancies
or substitutional nonmagnetic atoms of light elements. The existence of magnetic order in such
systems is experimentally well established, but
theoretically not understood in all details. In a
cooperation with experimentalists of the university of Leipzig we investigate such systems with
different experimental technics and try to correlate the results with the theory to get more insight in the nature of the effect.

1982
PhD in Theoretical Solid State Physics
(MLU Halle-Wittenberg)
1980–1984
Experimental work in semiconductor
physics
1989
Habilitation
1996
Extraordinary (apl.) Professor in
Computational Physics

Contact
wolfram.hergert@physik.uni-halle.de
www.physik.uni-halle.de

Selected publications:
I. D. Hughes, et al. Lanthanide contraction and
magnetism in the heavy rare earth elements,
Nature, 446, 650 (2007)
H. Hashemi, et al. Magnetic states of M-Fe wires
(M=Sc-Ni) on vicinal Cu(111) from first
principles, Phys. Rev. B 81, 104418 (2010)
W. A. Adeagbo, et al.
First-principles investigations of electronic
and magnetic properties of SrTiO3 (001)
surfaces with adsorbed ethanol and acetone
molecules, Phys. Rev. B 83, 195428 (2011)

Antiferromagnetic II structure of NiO

Plasmonics
Plasmonics is a part of the facscinating field of
nanophotonics. Electromagnetic fields can be
confined on lengthscales smaller than the wavelength at dielectric-metallic interfaces. Surface
plasmons on metallic nanostructures are usually
excited by light, but an excitation by an electron
beam is also possible. Such excitations are subject
of our theoretical investigations. Plasmonic structures can be used to enhance solar light absorption in semiconductor films.

Spin density distribution for the V Zn pair at distance d apart

Prof. Dr. Wolfram Hergert

F. v. Cube, et al. Spatio-spectral characterization of photonic meta-atoms with electron
energy-loss spectroscopy , Optical Materials
Express 1, 1009 (2011)
W. Hergert, Gustav Mie - From Electromagnetic Scattering to an Electromagnetic
View of Matter, in W. Hergert, Th. Wriedt (Eds.)
Mie Theory 1908-2008: Present developments
and Interdisciplinary aspects of light
scattering , Springer in press
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Selected publications:
C.L. Jia et al., “Direct observation of
continuous electric dipole rotation in fluxclosure domains in ferroelectric Pb(Zr,Ti)O3”.
Science 331 (2011) 1420-1423.
M. Alexe and D. Hesse, “Tip-enhanced
photovoltaic effects in bismuth ferrite”
Nature Communications 2 (2011) 256/1-5.
D. Pantel et al., “Room-temperature
ferroelectric resistive switching in ultrathin
Pb(Zr 0.2Ti0.8)O3 films”. ACS Nano 5 (2011)
6032-6038.
X.L. Lu et al., “Magnetoelectric coupling in
ordered arrays of multilayered heteroepitaxial
BaTiO3/CoFe 2O 4 nanodots”. Nano Letters 11
(2011) 3202-3206.
M. Ziese et al., “Orthorhombic-to-tetragonal
transition of SrRuO3 layers in Pr 0.7Ca0.3MnO3/
SrRuO3 superlattices”.
J. Phys. D: Appl. Phys. 44 (2011) 345001/1-12.
H. Han et al., “Nanostructured ferroelectrics:
Fabrication and structure-property relations”.
Advanced Materials 23 (2011) 4599-4613.

Fields of Research:

Current Projects and Future Goals:

› Nanoscale ferroelectric and
multiferroic oxides
› Epitaxial ferroelectric and multiferroic films
› Compositional and interface engineering
› Functional perovskite superlattices

Artificial multiferroics for new
multifunctional electronics
Layered artificial multiferroic materials allow for
both elastic coupling and electronic interface
coupling between lattice-matched magnetic and
ferroelectric layers. New artificial materials can
be obtained by means of interface engineering.
The growth of such layered materials implies
careful adjustion of the lattice parameters and
lattice symmetry of substrate and layer materials,
in order to achieve coherent, plane, and rather
sharp interfaces.

Ferroelectricity is a collective phenomenon based
on the balance between long-range and shortrange interactions, hence microstructure-property
relations in nanoscale ferroelectric oxides are of
particular interest. A number of methods have
been developed in our group to prepare ferroelectric
nanostructures, viz. electron-beam direct writing,
nanoimprint lithography, hydrothermal growth
in micelles, self-assembled chemical solution
deposition, and pulsed laser deposition using
appropriate deposition masks (stencils) of nano
meter sizes. As one of the main methods of investigation, piezoresponse force microscopy is being
used.
Epitaxial ferroelectric films (e.g., Pb(Zr,Ti)O 3,
BaTiO3, Bi4Ti3O12 or SrBi2Ta 2O9 films) are grown
by well-controlled pulsed laser deposition on single-crystal substrates of various orientations.
Microstructure-property relations are investigated
to understand intrinsic and extrinsic contributi
ons to the ferroelectric, dielectric, and electronic
properties.
For the properties of nanostructured ferroelectrics, microstructure, composition and electronic
properties of the interfaces play a significant role,
due to the increased interface-to-volume ratio.
Electrically switchable nanostructures and ultra
thin films thus require a compositional and interface engineering, the smaller the structures or
the thinner the films. Interfacial strain is particu
larly useful, because in favourable cases it allows
to tune the properties.
Epitaxial superlattices made from perovskites of
different functionality are a new and most interes
ting subject. We study combinations of ferroelectric layers with antiferroelectric, ferromagnetic,
dielectric, multiferroic, conducting and different
ferroelectric layers, all of perovskite structure.
Among other effects we find most interesting
property modifications depending on the thickness of the individual layers and on strain.

Nanoscale multiferroic heterostructures
Magnetoelectric transport effects are under
investigation on tunneling structures and on
structures containing a two-dimensional electron
gas. The structures contain interfaces between
functional (ferroelectric and magnetic) perovskites or spinels. Examples for systems to be studied
are Fe3O4/Pb(Zr,Ti)O3/SrRuO3/SrTiO3, Permalloy/
Pb(Zr,Ti)O3/(La,Sr)MnO3/SrTiO3 and (Metal)/
CoFe2O4/Pb(Zr,Ti)O3/ (La,Sr)MnO3/SrTiO3.
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Magnetism
Fields of Research:

Current Projects and Future Goals:

› Spin dynamics
› Electron pair correlation
› Stress measurements
› SP-STM in magnetic fields

Spin dynamics
Spin waves are collective excitations in a magneti
cally ordered solid. If the wavelength is comparable
to the lattice constant, the spin waves are gover
ned by the microscopic exchange coupling and a
quantum mechanical description of the system is
needed. Therefore, the experimental results on
such spin-wave modes will provide a true micros
copic picture of the system.

We do basic research on magnetic properties of
materials at reduced dimensionality. This includes
magnetic surfaces, thin films, wires and dots
with linear scales of 1 to 1,000 atoms. We are particularly interested in the correlation between
structural properties and growth modes of these
structures on the one hand, and their magnetic
and electronic properties on the other hand.
Thin films are grown by molecular beam epitaxy
and/or laser ablation. Magnetic wires and dots
are made by using specially structured substrates
for molecular beam epitaxy. Surface structures
are analyzed by surface X-ray diffraction, scanning tunneling microscopy, and low energy electron diffraction. Magnetic properties of surfaces,
interfaces, and magnetic nanostructures are analyzed by spin-polarized low energy electron scattering, spin-polarized scanning tunneling microscopy and by photoemission with femtosecond
lasers. The magneto-optic Kerr effect serves as a
transfer standard between different experiments.

Stress measurements
We developed a stress measurement technique
which allows to measure stress during gas adsorption, film growth or magnetization processes
with sub-monolayer sensitivity. We are interested
in stress-related physical properties of metallic
and oxide epitaxial systems, where we focus on
interface effects and a film thickness in the several
atomic layer regime (nm). Our future research
will also include studies of multi-ferroic systems
in the framework of the special research initiative
SFB 762.
SP-STM in magnetic fields
Our research focuses on the electronic and magnetic properties of nanostructures with some
hundred to several thousand atoms. We use spinpolarized low temperature scanning tunnelling
microscopy and spectroscopy at 7 K and in magnetic fields of up to 8 T to characterize morphology,
atomic and electronic structure, and magnetic
field dependent transport properties of individual
nanostructures.
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Selected publications:
M. Kolbe, P. Lushchyk, B. Petereit, H. J.
Elmers, G. Schönhense, A. Oelsner, C. Tusche,
J. Kirschner. Highly efficient multichannel
spin-polarization detection, Physical Review
Letters 107,207601 (2011)
H. L. Meyerheim, F. Klimenta, A. Ernst, K.
Mohseni, S. A. Ostanin, M. Fechner,
S. S. Parihar, I. V. Maznichenko, I. Mertig,
J. Kirschner. Structural secrets of multiferroic
interfaces, Physical Review Letters 106,
087203 (2011)

Our present interests also include oxides, either
as ferromagnets in their own right or as insulating
films in spin-polarized tunneling devices for
magnetoelectronics applications. We are currently
exploring experimental ways to reveal electron
correlation effects by means of coincidence spectroscopy.

H. Oka, K. Tao, S. Wedekind, R. Rodary, V. S.
Stepanyuk, D. Sander, J. Kirschner. Spatially
modulated tunnel magnetoresistance on the
nanoscale, Physical Review Letters 107,
187201 (2011)
R. Thamankar, H. L. Meyerheim,
A. Ernst, S. A. Ostanin, I. V. Maznichenko, E.
Soyka, I. Mertig, J. Kirschner. Tilting, bending,
and nonterminal sites in CO/Cu(001), Physical
Review Letters 106, 106101 (2011)
A. Winkelmann, M. Vos. Site-specific recoil
diffraction of backscattered electrons in
crystals, Physical Review Letters 106, 085503
(2011)
Y. Zhang, P. A. Ignatiev, J. Prokop, I. Tudosa,
T. R. F. Peixoto, W. X. Tang, K. Zakeri Lori,
V. S. Stepanyuk, J. Kirschner. Elementary
excitations at magnetic surfaces and their spin
dependence, Physical Review Letters 106,
127201 (2011)
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Fields of Research:

Current Projects and Future Goals:

› Defect studies in semiconductors,
metals and alloys
› Study of meso- and microporous materials
› Study of open-volume in polymers
and ionic liquids

Micro- and meso-porous materials
Controlled pore glass can be used as carrier for
catalysts, molecular filter membranes, carriers
for long-term retard drugs, for sensors, etc. Positron annihilation was established to be a new
standard tool for the investigation of such porous
glass systems. Low-k dielectric layers are used in
ultra-large scale integrated circuits for the reduction of the product R×C, and can, thus, help to
increase further the clock frequency of CPU’s. The
MePS system of EPOS is an ideal tool for the characterization of these closed micro-porous systems and will be used for further investigations.

Positron Annihilation is used for many years as
successful tool for the study of different type of
defects in all kind of crystalline materials such as
metals, alloys, elemental and compound semiconductors. Vacancies, vacancy clusters, dislo
cations and precipitates are potential research
objects. Moreover, positronium is formed in dielectric media and can be used to measure the pore
size and pore size distribution in a range of 0.5 to
50 nm pore size, even in closed pore systems, like
low-k materials, controlled pore glass, etc. The
open-volume between molecular chains in polymers and ionic liquids can also be studied as function of temperature, sample densification, gas
load etc.
Our lab accomodates all relevant methods of the
positron annihilation technique, such as analog
and digital positron lifetime and Doppler broade
ning spectroscopy. A positron beam system using
monoenergetic positrons allows the investigation
of near-surface defects. In addition, we construc
ted an intense, pulsed positron source (EPOS System) as a user facility at the Helmholtz Center
Dresden-Rossendorf.

Semiconductors
Many defects problems in elemental and compound semiconductors can be studied by positrons. Of particular interest is in the moment the
appearance of vacancy-type defects during diffusion of Zn and Cu in III-V compounds. Also the
study of extended defects in GaN and other semiconductors during ion-splitting (smart cut) is of
current and future interest. Finally, thin photovoltaic layers of CuInGaSe2 will be subject of defect investigation.
Metals
Fe-Cr alloys are of interest for use as wall material in fusion reactors. The study of defect generation by neutrons and also after ion implantation
is a running project. Moreover, in near future the
role of quenched-in vacancies for the nucleation
of precipitation in Al alloys will be studied.

Selected publications:
R. Krause-Rehberg, H.S. Leipner Monograph.
“Positron Annihilation in Semiconductors”
Vol. 127 of Series “Solid-State Sciences”
Springer-Verlag, Berlin 1999
M. Elsayed, R. Krause-Rehberg, et al.
Identification of defect properties by positron
annihilation in Te-doped GaAs after Cu indiffusion, Physical Review B 84, 195208 (2011)
O. Moutanabbir et al. Experimental
elucidation of vacancy complexes associated
with hydrogen ion-induced splitting of bulk
GaN, Phys. Rev. B 81, 115205, 2010
R. Krause-Rehberg et al. The EPOS system at
the radiation source ELBE at Forschungzentrum Dresden-Rossendorf, Proceedings of the
International School of Physics “Enrico Fermi”,
Course CLXXIV “Physics with many positrons”,
IOS Press 2010 Amsterdam, pp 463-479
G. Dlubek et al. Free volume of an oligomeric
epoxy resin and its relation to structural relaxation: Evidence from positron lifetime and
pressure-volume-temperature experiments,
Phys. Rev. E 75, 021802 (2007)

The pulsed, monoenergetic positron beam MePS is part of the intense positron source EPOS
at the Helmholtz Center Dresden-Rossendorf.
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Mesoscopic Quantum Dynamics
Fields of Research:

Current Projects and Future Goals:

› Global structure prediction and materials
design
› Materials for energy applications
› Fundaments of (time-dependent)
density functional theory and beyond
› Attosecond dynamics of electrons in
strong laser fields
› Scientific software for high-performance
computing

Global structural prediction
and materials design
In the field of (global) structural prediction one
tries to obtain the lowest energy crystal structure
for a given composition. This is a very difficult
problem, as the number of minima (i.e., meta-stable
structures) increases exponentially with the
number of atoms in the system. It is also an integral
part of any strategy to design materials, as it is
the only way to assure that the predicted materials
are the ground-state in some area of the phasediagram and that can therefore be experimentally
synthesized. We are currently using these techniques to find new materials that have interesting properties for energy production and storage.

In present days there is a clear shift towards a new
way of doing physics, which relies strongly on the
use of computational means. Computational Physics, which is expanding with the availability of
modern and more powerful computers, has been
offering new insights on various natural phenomena, complementing and going beyond more traditional visions based on analytical approaches.
The cornerstone in the study of hard matter was
the development, in 1965, of density functional
theory, certainly one of the most successful theories
in Physics for the past 50 years. Nowadays density
functional theory allows us to calculate the properties of atoms, molecules, and solids in a computer
with a remarkable accuracy and simplicity. We can
also perform “in silico” experiments that complement and help to interpret a wealth of experimental data. This is true not only for structural,
electronic, and thermodynamic properties, but
even for dynamical processes such as the interaction of electrons with fast and strong laser fields.

Probing attosecond electronic motion in small molecules

More recently, another major step was given in this
field: we can now “design” in the computer new
materials with tailored properties for different
applications ranging from photovoltaics, to energy
storage, to crystals with exotic properties. This is
made possible by the combination of techniques
stemming from solid-state physics, artificial
intelligence, and high-performance computing.
This new interdisciplinary field, nowadays called
“accelerated discovery of materials” or “materials
design”, is still in its infancy and is expected to
revolutionize many areas of Materials Science.
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A material designed for hydrogen storage

New materials for photovoltaic applications
Transparent conductive oxide (TCO) materials,
have attracted a considerable amount of interest,
especially due to their applications in displays
and in solar cells. In fact, many new solar cells
technologies, like the CIS and CIGS thin film solar
cells, use TCOs as contacts. Our group works to
provide a reliable theoretical understanding of
the band structures and absorption spectra of
these materials. This understanding is achieved by
using state-of-the-art self-consistent GW methods
(for the band structures) combined with the
solution of the Bethe-Salpeter equation for the
evaluation of the absorption.
Development of scientific software
We are active developers of the computer code
octopus. This program, which is open source software under the GNU general public license (GPL),
simulates the dynamics of electrons and nuclei
under the influence of time-dependent fields. The
electronic degrees of freedom are treated quantummechanically, while the nuclei are considered to
behave as classical point particles. In this code,
all quantities are discretized in real space using a
grid, and the simulations are performed in real
time. Over the past years, octopus has evolved
into a fairly complex and complete tool, and is now
used by more than 150 research groups around
the world.
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Habilitation in Theoretical Physics
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Fields of Research:

Current Projects and Future Goals:

› Multiferroics and magnetoelectric coupling
› Spintronics
› Thermoelectric properties
› Spincaloritronics

Multiferroics and magnetoelectric coupling
Multiferrioc materials are particularly interesting
since they show a spontaneous magnetisation
and a spontaneous polarisation in one and the
same system. The interaction of magnetisation
and polarisation is called magnetoelectric coup
ling which offers the opportunity that magnetic
information can be influenced by an electric field
and vice versa. This is a very attractive concept for
memory technology. We consider in particular
multiferroic interfaces which occur in artificially
grown heterostructures and separate a ferroelectric
from a ferromagnetic layer.

Our activities are attached to the quantum theoretical description of solids based on density
functional theory. This means that we start to
model our systems at the atomic level, do not take
any free parameter into account, solve the
Schrödinger and other relevant equations to
obtain finally a macroscopic property that can be
measured. To support the experimental developments, to predict new materials for future applications and to optimize the effects under
consideration first-principle electronic structure
calculations are the most powerful tool. This way
we gain insight into the microscopic origin of
macroscopic properties of metals, semi-conductors and insulators in their 3D bulk formation or
as 2D surfaces and interfaces and 1D wires. The
underlying methods are particularly useful to
describe nanostructures of realistic dimension up
to thousands of atoms. The formalism is based on
Green functions for the equilibrium and the nonequilibrium state. We are particularly qualified
for the ab initio description of transport properties
in the coherent limit based on Landauer theory
and in the diffusive limit based on Boltzmann
theory. In general, our theory is material specific
and has a strong overlap with experiments.

L. Gerhard, T. K. Yamada, T. Balashov, A.F.
Takács, R. J. H. Wesselink, M. Däne. M. Fechner,
S. Ostanin, A. Ernst, I. Mertig, and W. Wulfhekel.
Magnetoelectric coupling at metal surfaces
Nature Nanotechnology 5, 792 (2010)
M. Gradhand, D. V. Fedorov, P. Zahn, and I.
Mertig. Extrinsic spin Hall effect from first
principles Phys. Rev. Lett. 104, 186403 (2010)
C. Heiliger, M. Gradhand, P. Zahn, and I. Mertig.
Tunneling magnetoresistance on the
subnanometer scale Phys. Rev. Lett. 99,
066804 (2007)
V. V. Maslyuk, A. Bagrets, V. Meded, A. Arnold,
F. Evers, M. Brandbyge, T. Bredow, and I. Mertig.
Organometallic benzene-vanadium wires:
A one-dimensional half-metallic ferromagnet
Phys. Rev. Lett. 97, 097201 (2006)

Scattering anisotropy causing the spin Hall effect

Spintronics
Spintronics is an emerging field based on the
transport properties of electrons exploiting both
their charge- and spin-degree of freedom. Most
of the spintronic effects like giant magnetoresis
tance and tunneling magnetoreistance occur in
magnetic materials and are widely used. The next
step is the search of spintronic devices manipulating pure spin currents. They would play an important role in the next generation of low energy
consumption electronics. Pure spin currents are
generated by the spin Hall effect. We are looking
for alloys with giant spin currents.
Spincaloritronics
It is long known that heat and charge currents are
closely related to each other causing the wellknown thermoelectric effects like Seebeck and
Peltier effect. The existence of spin currents and
their response to thermal gradients opens a whole
variety of new effects. Some of them are just
observed experimentally like the Spin-Seebeck
effect and some of them are just predicted theoretically like the Spin-Nernst effect. All of them
occur in magnetic nanostructures and combine
magnetism with both, electronics and energy
research.
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Fields of Research:
› Spintronics
› Oxides and Interfaces
› Atomically engineered materials
› Computational Materials Discovery
› Cognitive Devices and Bio-Inspired Materials

Current Projects and Future Goals:
Spintronics
Spintronics is a field of research that comprises
the generation, manipulation and detection of
spin-polarized electrons in a wide range of
materials including metals, insulators, and semiconductors. T he most important spintronic
materials are composed of artificially engineered
atomically layered magnetic thin film structures
with spin-dependent transport properties. The
use of both spin-polarized charge currents and
pure spin currents, generated by electric voltages,
temperature gradients and / or optical means, to
excite and manipulate magnetic moments is of
great interest from both fundamental and technological perspectives. Spin-orbit interaction
is a principle driving mechanism behind many
topical phenomena including spin-orbit torques,
current driven domain-wall motion, perpendicular magnetic anisotropy, spin Hall effect, anomalous and topological Hall effects, and topological
magnetic structures including skyrmions.
Oxides and Interfaces
Complex oxides display an enormous variety of
properties, ranging from insulators to metals and
superconductors, from anti-ferrom agnetism to
ferromagnetism, and ferroelectric to paraelectric
to name just a few. By forming heterostructures
between thin films of distinct oxides, novel
materials can be engineered with functionalities
that are not otherwise seen in the individual
materials. One example are magneto-electric
phenomena in which magnetic fields can influence ferroelectric behavior or electric fields can
control magnetic behavior.

A vertical-configuration racetrack
offers the highest storage density
by storing the pattern in a
U-shaped nanowire normal to the
plane of the substrate.

Atomically engineered materials
Experimental methods to deposit layers just one
atom or one unit cell thick include physical
methods, such as molecular beam epitaxy, pulsed
laser deposition and magnetron and ion beam
sputtering, as well as chemical methods such as
atomic layer deposit ion and chemical vapor
deposition. Theoretical methods to simulate the
growth of such materials and to calcul ate their
properties are powerful and accurate enough
that, by using these methods in tandem with
experiment, rapid advances in atomically engi
neered materials with novel and technologically
relevant properties is currently possible. Atomically engineered materials underpin the fields of
spintronics, oxide electronics, cognitive devices
and routes to room temperature superconductors.
Computational Materials Discovery
The theoretical modelling of structure-property
relationships from the nano- to the meso-scale
requires the synergistic use of various simulation
methodolog ies. Electronic and magnetic properties of, e.g., molecules, nano-wires or oxide layers
are studied by quantum mechanic al methods,
via the development and application of electronic
density functional techniques. Molecular arrangements and properties on longer length scales of,
e.g., macromolecules or magnetic model systems,
are studied by Molecular Dynamics and Monte
Carlo techniques. Heterogeneous struct ures on
still larger scales are mapped onto field-theoretical
descriptions and treated with tools of numerical
mathematics. Different techniques are used to
bridge multiple time- and length-scales to characterise and understand the functions of complex
structures. The use of such computational methods
to explore and predict the properties of novel, engineered materials is an emerging discipline of
considerable current interest.
Cognitive Devices and Bio-Inspired
Materials
It is clear that nature has devised methods of preparing materials that we can’t yet replicate and
with properties that we can’t yet match. However,
the very existence of such biological materials and
functionalities serves as inspiration for research
into novel ways of manufacturing materials and
fabricating devices with such properties. A very
important area of research is the development of
cognitive computing devices that could support
novel computing architectures that could carry
out computations a million times more efficiently
than conventional charge based devices.
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Fields of Research:

Current Projects and Future Goals:

› Singularities of mappings
(classification, deformations and invariants)
› Applications of singularity theory
(e.g. to symplectic geometry and knot theory)
› Bifurcations in families of mappings
on real algebraic sets
› Combinatorial and algebraic complexity of
semi-algebraic sets

Classification of singularities
Most classifications of mappings from n-space to
p-space have been carried out for particular pairs
(n,p) of dimensions, and either list the A-orbits
up to a certain codimension or up to a certain
modality (first the 0-modal, deformation finite,
singularities, also known as simple singularities,
next the uni-modal singularities, and so on).
Recently there has been some progress in relating
the classifications in certain dimension ranges
(e.g., p=2n, n>3). For volume-preserving subgroups
G of the group A the tangent space of the orbit no
longer has a module structure, and the G-orbits
inside a given A-orbit are parameterized by a
moduli space which is isomorphic to certain
cohomology groups. There is a sufficient condition for the vanishing of this moduli space (which
holds for a wide range of singularities, including
all stable singularities), but it is not known
whether this condition is necessary.

Singularity theory is concerned both with singularities of smooth mappings between (real or
complex) manifolds and with singular points of
varieties.
Some of the principal questions in this field are
the classification of singularities (up to various
notions of equivalence), the study of invariants
associated with a singularity, and the study of
deformations of singularities (which singularities
are stable and persist under small deformations,
which stable singularities can appear in a deformation of a given unstable singularity?). The
most classical singularities are the stable critical
points of a smooth real-valued function on a
manifold: by a non-linear change of coordinates
(a diffeomorphism) the function near each critical
point can be transformed to a sum of squares in
the variables (with coefficients +1 and -1), and it is
known from Morse theory that the critical points
provide a lot of information about the manifold.
The more recent work on singularities arising in
the more general context of smooth mappings
and varieties also has applications both in other
areas of mathematics (like differential geometry,
topology, bifurcation theory, real algebraic geometry) and in other fields (computational geometry,
optics, computer vision).
Our group is working on the classification of
singularities of mappings (in particular of deformation finite singularities under A-equivalence),
on subgroups of the group of diffeomorphisms
preserving some additional structure (e.g. some
volume form or some symplectic form), on the
use of invariants for equisingularity problems,
and on real deformations of singularities. We are
also interested in applications of singularity theory
to differential geometry, to low dimensional topology (knotted surfaces), to the computational
geometry of arrangements of real algebraic sets
and to geometric problems in computer vision.

Invariants and deformations of singularities
For singularities of complex analytic mappings
there are analytic and topological invariants
describing the geometry and topology of the
image or discriminant of a stable deformation of
an unstable singularity. The constancy of these
invariants in families plays a key role in equisingularity problems. For real mappings the geometric
interpretation of these invariants is more com
plicated than in the complex case – in certain
dimension ranges (n,p) one can show that all simple
singularities of mappings from n-space to p-space
admit an M-deformation in which all isolated stable
singularities arising in a complexification are in
fact real.
Topology and complexity of bifurcation sets
The bifurcation set B in the parameter space of a
family of mappings on arrangements of semialgebraic sets consists of parameters for which
the corresponding member of the family has some
unstable singularity, and each connected component of the complement of B corresponds to an
equivalence class of stable mappings. The design
of symbolic algorithms for computing these connected components and the algebraic and combinatorial complexity of the complement of B have
many applications in computational geometry.
Taking for example the family of distance functions, one obtains generalized Voronoi decompositions where a set of points is replaced by a
collection of semi-algebraic sets.
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Fields of Research:

Current Projects and Future Goals:

› Alkaline silicate sols (water glass) and
derived materials
› Chemical durability of glasses,
Binders on the base of water glass or CaSO4
› In cooperation with Prof. Dr. D. Enke
(Technical Chemistry, University of Leipzig):
porous glasses.
› Physics of glasses (PD Dr. M. Dubiel)
› Structure and properties of nanoparticleglass systems (PD Dr. M. Dubiel)

Dissolution behaviour of sodium silicate
glasses for the production of water glass
The dissolution of sodium silicate glasses is a
standard method for the production of sodium
silicate sols or water glass. Therefore, dissolution
processes like ion exchange, network dissolution,
and reaction layer formation of such glasses are
investigated with respect to kinetics. Standard
testing methods like static (without exchange of
leachant) or dynamic (perpetual exchange of
leachant) corrosion experiments are in a pH-value
range from 7 to 14. Selected glass samples are
further investigated e. g. with scanning electron
microscopy (SEM), magnetic resonance spectroscopy, or infrared spectroscopy.

Inorganic-nonmetallic Materials comprise crystalline ceramics, glasses and binders like cements or
gypsum. Usually, these materials are produced by
high-temperature processes and are applied with
respect to their characteristic properties: high
temperature strength and hardness (crystalline
ceramics), transparency, optical quality, and
chemical durability (glasses), weather resistance,
compressive strength and low thermal conductivity
(building materials), special physical effects
(functional magnetic, dielectric, or conducting
materials).
Our main methods are: synthesis of glasses and
binders by melting, sintering or chemical processing, ion exchange, laser irradiation or ion implantation to incorporate metallic nanoparticles
in glasses, chemical durability tests on glasses
including hydrothermal treatment, thermal
analysis (glass transition, crystallization phase
seperation, sintering). Metallic nanoparticles in
glasses are investigated (in cooperation with other
groups) by transmission electron microscopy, extended X-ray absorption fine structure (EXAFS)
spectroscopy, small angle X-ray scattering and
X-ray diffraction.

Reactivity of slag glasses from
pig iron production
Slag glasses are byproducts of pyrometallurgical
processes. They are applied as latent hydraulic
binders or as an additive for portland cements.
Their reactivity is usually lower than the reactivity
of cement phases, but can be enhanced by additives. The influence of these additives (cement,
lime, gypsum) on reactivity is investigated. The
phase content of the slag glass and of the reaction
products was characterized by optical microscopy
and X-ray diffraction.
ASAXS investigations on core-shell
Ag/Au nanoparticles (PD M. Dubiel)
In this work, the preparation of double-implanted
and twofold-exchanged glasses containing Ag/Au
core-shell nanoparticles is planned. These par
ticles should allow to shift the surface plasmon
resonance well above of 600 nm towards the
infrared range of light. In a first step, the size,
size distribution and shape of nanoparticles
should be characterised by transmission electron
microscopy (TEM) and small angle X-ray scatte
ring (SAXS). With anomalous SAXS (ASAXS), an
element specific investigation will be possible to
validate and to quantify the bimetallic composition or a core-shell structure of the Ag/Au nanoparticles.
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TEM of elongated Ag nanoparticles

Surface of corroded glass
(cross-cut, SEM, courtesy of W. Lebek)
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Fields of Research:

Current Projects and Future Goals:

› Spin dynamics and spin transport in
nanostructures
› Oxide electronics and spintronics
› Metal spintronics
› Organic spintronics
› Nanolithography

Oxides for microelectronics
Oxides are available with a large variety of properties being insulating, semi-conducting or metallic,
ferromagnetic or ferroelectric. The possibility of
combining various oxides to heterostructures with
special electronic properties is currently one possible option for the future of beyond CMOS microelectronics and storage technologies. Research on
oxide optimization is done in the framework of
the large EC integrating project IFOX (interfacing
oxides) of which Prof. Schmidt is the scientific
coordinator.

Professor Schmidt’s main research areas are spin
transport and spintronics in nanostructures and
the fabrication of nanodevices for electronics and
spintronics applications. The materials used within
these areas range from metals and oxides to organic
semiconductors.
The basis of this work is the full processing chain
of thin film deposition, lithography and patterning
techniques situated in the clean room. Thin film
technology is based on pulsed laser deposition for
oxide materials, electron beam evaporation and
magnetron sputtering for metals and insulators
and organic molecular beam deposition for organic
semiconductors. The integration of these methods
into a single UHV cluster allows for the fabrication
of various hybrid interfaces.
Structural characterization is done by X-ray
methods, transmission and scan-ning electron
microscopy, AFM or ellip-sometry. For magnetic
characterization magneto optical Kerr spectroscopy
and SQUID magnetometry are available.
Equally important is the fabrication of nanostructu
res, typically by ultra-high resolution electron beam
lithography, and post patterning, yielding lateral
dimensions down to less than 10 nm. All methods
are constanly subject to further development.

C. Gould et al. Tunneling Anisotropic
Magnetoresistance: A spin-valve like tunnel
magnetoresistance using a single magnetic
layer, Phys. Rev. Lett. 93, 117203 (2004)

Spin dynamics in oxide and
metal nanostructures
Ferromagnetic nanostructures are of special inte
rest for magnetic storage technology but also for
high frequency applications. Epitaxial oxide layers
allow for new options because of the high spin
polarization present in these materials and their
crystalline anisotropy. In the group of nanostructured materials they are used to fabricate
hybrid structures with ferromagnetic metals for
the investigation of spin transfer torque and spin
pumping for example in the frame of the SFB 762
“fucnctional oxide interfaces”. Special interest is
devoted to the investigation of the inverse spinHall effect and the spin-Seebeck effect in spin
caloritronics.
Organic spintronics
There is great hope that organic spintronics will
allow for cheap spintronics devices. Nevertheless,
there are still many open questions and materials
issues for the reliable realization of room temperature magnetoresistive elements suitable for
applications. The group is active in materials research, device fabrication and theoretical modelling
of spin transport.

C. Rüster et al. Very large magneto-resistance
in lateral ferromagnetic (Ga,Mn)As wires with
nanoconstrictions
Phys. Rev. Lett. 91 (21), 216602 (2003)
G. Schmidt et al. Fundamental Obstacle for
electrical spin-injection from a ferromagnetic
metal into a diffusive semiconductor
Phys. Rev. B 62, R4790 (2000)
R. Fiederling et al. Injection and Detection of a
Spin-polarized Current in a n-i-p Light Emitting
Diode, NATURE 402, 787 (1999)

High aspect ratio resist structures for dry etching fabricated
by e-beam lithography

The fabricated structures are later on characterized
by highly sensitive I/V meaurements in magnetic
fields up to 10 T and at low temperatures down to
20 mK. Furthermore spin dynamics are investigated by ferromagnetic reso-nance between 4 K
and room tem-perature and by high frequency
trans-port experiments.

SEM picture and magnetoresistance curve of a 500 nm wide
organic spin valve
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Current Projects and Future Goals:

› Diagram geometries
› Small representations of groups
› Classification and structure of the finite
simple groups
› Loops

Simple groups
The classification of the finite simple groups is
one of the most complex results in algebra. More
than 100 authors gave a proof which consists of
more than 20000 journal pages. Our group in
Halle is part of an international research project
to give a short and easier proof, such that further
generation will have access to. For this we develop
new methods and ideas. Eventually we will have
a different approach to solve the problem.

Algebra, Number Theory and Geometry are the
oldest parts of mathematics. Surely they existed
more than 5000 ago. With the discovery of the
Ishango-bone it is clear that Number Theory was
existing even 20000 years ago. The Algebra-group
in Halle works in Group Theory and relations to
Geometry. Group Theory is the mathematical
abstraction of what usually is called symmetry.
Symmetries we find all over the world and so
group theory has a huge area of applications. The
use of symmetries quite often simplifies very
complex problems, for example in classifying
isomere. As we study finite groups it means that
we deal with all finite symmetries in the world.
One of the astonishing results of the 19th century was the discovery that there are elementary
symmetries (called simple groups) from which we
can build up any symmetry (group). This is very
similar to the prime numbers for natural numbers. Unfortunately this building up is not really
well understood until now. This is a challenge for
further research. One of the most important
results in mathematics in the 20th century was
the classification of all finite simple groups, hence
the elementary symmetries are all known. The
group in Halle tries to simplify this classification
proof and studies geometries related to the simple
groups, i.e. does research on the symmetry groups
and their related objects.

Lattice structure of zinc sulfide © M. Geilhufe
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Groups and geometries
The proof of the classification of the finite simple
groups was possible because there was an abstract point of view forgetting the origin of the
symmetry. Nevertheless any simple group should
have a natural object whose symmetry group it is.
In particular the 26 sporadic simple groups are a
challenge. Our research is best described by an up
to date version of a quotation from Burnside
(1911): The sporadic simple groups would probably
repay a closer examination than they have yet
received. One of the great questions for future
research is to find nice objects for these groups
like for the largest sporadic group, the Monster,
which is a symmetry group in the string theory.

2000–2001
President of the Deutsche Mathematiker-Vereinigung (DMV)

Representation theory of fullerene
Fullerene are large molecules composed of carbon
entirely. Their shapes are roughly spherical similar
to graphite with a surface net of carbon atoms
connected in hexagonal and pentagonal rings.
The most common one is C60 (also known as
“buckyball”). A wide range of applications is under
research (from Cosmetics to Photoactive polymers).
A photovoltaic cell built with a methano[70]
fullerene shows better efficiency than one built
with the common C60 one (see F. Langa, P. de la
Cruz in: Fullerenes, Principles and Applications,
chapt 2, p 48). We like to extend the work of Gordon James on the vibrations of the C60 to the C70
fullerene.

http://coxeter1.mathematik.uni-halle.
de/~stroth/
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Selected publications:
Thomas Bose, Steffen Trimper
Nonlocal feedback in ferromagnetic resonance
Phys. Rev. B 85, 214412 (2012)
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Non-Gaussian propagator for elephant
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Phys. Rev. E 88, 022115 (2013)
Apostolova et al.
Multiferroism in the dielectric function of CuO
phys. stat. sol. RRL 7, 1001 (2013)

Fields of Research:

Current Projects and Future Goals:

› Statistical physics in non-equilibrium
› Spin-systems
› Magnetic, ferroelectric and
multiferroic systems
› Transport- and stochastic processes
› Coupling light-matter

Multiferroic properties
Multiferroic compounds are studied within mic
roscopic models. Especially, the influence of the
magnetoelectric coupling on the excitation spectrum, the polarization and the magnetization is
discussed, where the relevant information is included in the GF. Moreover, the phonon spectrum
is considered which is significantly changed at the
different phase transitions.

The goal of statistical physics is to understand the
macroscopic behaviour of a system based on the
properties of the individuals. Such multiscale
systems offer a broad spectrum of collective
properties manifested in large fluctuations in the
vicinity of a phase transition as well as micros
copic excitations like spin-waves or phonons. In
general one has to study non-linear systems comprising of a huge number of interacting particles
embedded in a heat bath or coupled to other systems. From a basic theoretical point of view the
relevant properties are described using analytical
methods as Green’s functions (GF), field theory,
stochastic equations and path integrals. Multiferroic materials possessing two or more ferroic
orders in a single phase are in the focus of the present analysis, especially in thin films and nanoparticles. More complicated magnetic structures
as well as the coupling between light and matter
are of interests.
The methods well established in statistical physics
are also applicable for problems relevant in biology
and medicine such as spreading of diseases and
model for tumor growth.

Spin-Seebeck-Effect
The effect is considered on a mesoscopic level where
spin diffusion, magnon excitations are studied under
the influence of a temperature gradient, acoustic
modes and stochastic forces. The previous analysis
is modified by applying quantum field theoretical
methods. The approach is closely related to experimental findings.
(Project with J. Berakdar within the IMPRS)
Spin systems
Spin transport, spin diffusion and spin excitations
are analyzed using field theoretic methods as Lagrangian, Noether theorem and path integral
formalism. The previous studies based on a Lagrangian approach for dissipative systems with a
temperature gradient are modified and applied
for domain wall motion. Moreover, spin systems
with varying quantization axis are studied for ins
tance magnetic systems possessing a helical structure. Additionally the influence of stochastic forces
is analyzed.
(Cooperation with University York)

Chotorlishvili et al.
Fokker-Planck approach for the theory of
magnon-driven Seebeck effect
Phys. Rev. B 88, 144429 (2013)
Chotorlishvili et al.
Thermally activated in-plane magnetization
rotation induced by spin torque
J. of Applied Physics 114, 123906 (2013)
Safa G. Bahoosh et al.
Theoretical study of the multiferroic
properties of M-doped ZnO thin films
J Mag and Magnetic Materials 373, 40 (2015)

Dependence of the magnetization on the doping
concentration in ZnO
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Algebra
Fields of Research:

Current Projects and Future Goals:

› local methods in finite group theory
› questions at the interface of finite group
theory and representation theory
› characterisation of finite groups using
the subgroup lattice
› applications of the classification of finite
simple groups

Group actions
In a number of interesting open problems there is
a group action on some mathematical structure
with high symmetry, for example a building, a
graph or a Riemann surface. Then the goal is to
determine the structure of such a group and to
describe the action in detail. This often leads to
important applications of the Classification of Finite Simple Groups, as for example in an ongoing
project on permutation groups. This project started in 2012 with very specific questions about Riemann surfaces and Weierstrass points and has
already given many interesting results as well as
new questions to be answered in the next years.

Groups naturally arise as a way to model symmetry.
The structure of objects with high symmetry can
be studied via the abstract concept of a group, as can
be seen for example in graph theory, in the theory
of buildings or in understanding the behavior of
electrons in a crystal. In the applications it is often
sufficient to study a particular group or a particular
representation, but there also is a well-developed
theory of abstract groups.
Whenever a group theoretic result is proved in an
inductive way, then a natural question arises: What
can be said about groups that, roughly speaking,
cannot be built up from smaller groups? Or in
other words, what are the most elementary symmetries and how do they build up more complicated symmetries? The situation here is much
more interesting than for the integers, where the
prime factors and the powers in which they appear
determine a number uniquely. Even if the elementary building blocks of a group are known,
there might be many ways how the group could be
built up from these blocks. The Classification of
Finite Simple Groups gives a complete list of all
elementary building blocks that can appear in a
finite group and it is therefore of great importance not only for group theory. Many open research problems have been (and still are) solved
by direct use of this classification result. However, it does not automatically answer all questions
about finite groups and the methods that lead to
it continue to be refined and extended. These
methods have also influenced the development of
new areas, for example the theory of fusion systems.
The research group in Halle works on simplifications of classification results and on their applications, and we study the subgroup structure of
groups and how groups can be represented as
symmetries of geometric objects.

Analysis of finite groups via their subgroup
lattice
The subgroups of a finite group can be partly
ordered by inclusion and their relations to each
other can be expressed in a finite diagram, the
subgroup lattice.
Conversely, given a finite diagram of this kind,
can we decide whether or not there exists a finite
group such that its subgroup lattice is exactly
this diagram or at least contains it? For a particular family of lattices, much is known already
and we look at the cases that are still open.
Non-simplicity criteria
The finite simple groups represent the most elementary symmetries and they are the building
blocks for all finite groups. Understanding their
structure in general is a very difficult task and
this is where properties of abstract simple groups
are needed. We are interested in results that imply
that a finite group is not simple (i.e. a non-simplicity
criterion) because these results give in turn information about non-abelian simple groups and have,
for example, played a crucial role in the Classification of Finite Simple Groups. Projects in this area
lead to new concepts, new arguments and new
connections between different methods and therefore to significant progress in the structure theory
of finite groups.
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Library of the American Mathematical Society
(2014).
I. Toborg and R. Waldecker: Finite simple
3’-groups are cyclic or Suzuki groups, Archiv
der Mathematik 102, No. 4 (2014), 301-312.
K. Magaard and R. Waldecker: Transitive
permutation groups where nontrivial
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Journal of Pure and Applied Algebra 219, Issue 4
(2015), 729-759.
J. Pölzing and R. Waldecker: M9-free groups.
Journal of Group Theory 18 (2015), 155-190.

Lattice structure of sodium chloride © M. Geilhufe
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ODE systems, J. Comput. Appl. Math. 262,
292-303 (2014).
B.A. Schmitt, R. Weiner, and St. Beck:
Two-step peer methods with continuous
output, BIT Numer Math 53, 717-739 (2013).
R. Weiner and T. El-Azab: Exponential Peer
Methods, Appl. Numer. Math. 62, 1335-1348
(2012).
R. Weiner and G.Y. Kulikov: Efficient Error
Control in Numerical Integration of Ordinary
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methods, Computational Mathematics and
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Fields of Research:

Current Projects and Future Goals:

› Numerical methods for ordinary and
partial differential equations
› Numerical methods for large stiff systems
› Exponential integrators
› Peer methods
› Global error estimation
› Strong stability preserving numerical
integration methods

Peer methods for large stiff systems
MOL systems are in general stiff and of high dimension. The solution of linear systems in implicit
peer methods has to be adapted to this property.
Two suitable strategies are the use of Krylov
techniques and AMF–methods (alternating matrix
factorization). For these two approaches stability
of the resulting integration method has to be investigated. Furthermore the influence on the order
of convergence has to be studied. Efficient linearlyimplicit and implicit peer methods will be constructed, implemented and tested.

The modelling of many physical processes leads to
partial differential equations. These equations
have to be solved by numerical methods. One approved approach is the so called semidiscretization (method of lines, MOL) leading to ordinary
differential equations (ODEs) of high dimension
(up to millions of equations), which in general are
stiff. Stiffness is a property which puts a high demand on the numerical methods with respect to
stability. Therefore implicit methods have to be
used, which require the solution of algebraic systems in each time step. For large systems this
leads to a very high computational expense and
requires special solution methods.
Our group deals with the construction and investigation of efficient numerical methods for the
solution of ODEs, both stiff and nonstiff. Our investigations include the study of accuracy (order
of consistency and convergence) and stability (Aand L-stability) of the numerical methods and
the implementation and testing. Special attention is paid to so called peer methods (explicit
and implicit) which belong to the class of general
linear methods and which have many favourable
properties compared with classical integrators.
Combined with Krylov techniques for the solution of large systems of algebraic equations implicit peer methods are successfully applied to
MOL problems of high dimension. Peer methods
also serve as basic methods for exponential integrators.

Exponential peer methods
Exponential integrators are currently studied intensively. By using approximations to exponential
matrices they allow to solve problems with a stiff
linear part very accurate. They are superior to
standard methods for systems where the Jacobian
has eigenvalues with large imaginary parts. Such
systems arise for instance by semidiscretization of
Schrödinger equations. Exponential peer methods
are a promising class of integrators for such problems. Their stability and accuracy properties are
studied. Different possibilities of computing exponential matrices have to be compared. For large
dimensions the combination with Krylov methods is advantageous and will be implemented.
Global error estimation
The step size is usually adapted by an estimation of
the local error in implemented numerical methods
for ordinary differential equations. This approach
is efficient and cheap, however there may be a big
discrepancy between required and achieved accuracy. Therefore the estimation and control of the
global error is desirable. This is in general expensive,
because several integrations have to be performed.
The application of explicit and implicit peer methods
for global error control will be investigated. This
includes doubly quasi-consistent peer methods
and the use of triples of peer methods.
Strong stability preserving
integration methods
In many applications the solution has important
properties like positivity which should be maintained by the numerical solution. This leads to
the investigation of so called strong stability
preserving (SSP) methods. One promising class
are peer methods because they do not suffer from
order reduction when applied to MOL problems.
Explicit and implicit peer methods with large SSP
intervals will be constructed and implemented.
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Surface and Interface Science
Fields of Research:

Current Projects and Future Goals:

› Structure and electronic property
of oxide surfaces
› Oxide quasicrystals
› Molecular and electronic structure
of organic thin films
› Vibrational spectroscopy
› Femtosecond dynamics
› Femtosecond electron microscopy

Atomic structure, local spectroscopy and
lattice dynamics of oxide nanostructures
The interaction across oxide-oxide and oxide-metal
interfaces has lead to the new concept of multiferroic heterostructures and the discovery of twodimensional oxide quasicrystals, which are at the
heart of the Sonderforschungsbereich SFB 762. In
our group, well-defined oxide nanostructures are
grown and studied in a broad variety of aspects:
The clarification of the detailed atomic structure
is the first goal. The new electronic properties, the
bonding and reactivity of atoms, but also lattice
dynamics and the dynamics of excited electrons on
ultrafast timescales are addressed within our approach by use of many complementary techniques.

The field of surface science has gained importance
over the last decades. The downscaling of electro
nics to nanometer dimensions has lead to interface
and surface dominating performance, which inspired even novel material concepts. The recent
discovery of interface-driven oxide quasicrystals is
here a good example. Also for fundamental science,
the playground of atomically controlled surfaces
and interfaces attracts increasingly interests. It is
based on a highly developed arsenal of experimental methods to control and to investigate the
structure and the properties on an atom-by-atom
basis.
The research in our group focuses on the interrelation between the atomic structure and the electronic, vibronic and dynamic properties of welldefined oxide surfaces, oxide ultrathin films and
organic films in contact with solids. For that purpose, we combine a variety of experimentally demanding, state-of-the-art techniques. Methods like
scanning tunneling microscopy (STM), inelastic
electron scatting (HREELS), photoemission spectroscopy (PES), photoemission electron microscopy
(PEEM) and laser-based two-photon photoemission (2PPE) allow for exceptional resolution in
space, time, energy as well as momentum.

Laser-based spectroscopy and microscopy
Femtosecond laser systems enable the observation
of dynamic processes of atoms and electrons in
real time. In our project, we advance this field by
the use of widely tunable lasers and laser-based
high-harmonics generation at high repletion rates.
With this instrumentation, the specific electron
decay and transport processes can be identified.
Ultimate goal is the combination of femtosecond
spectroscopy with nanometer microscopy via laserbased electron microscopy.
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Selected publications:
S. Förster and W. Widdra; Structure of single
polythiophene molecules on Au(001) prepared
by in-situ UHV electrospray deposition. The
Journal of Chemical Physics 141, 054713 (2014)

Electronic wavefunction of an indivual
sexithiophen molecules studied by STM

View into an ultrahigh vacuum chamber dedicated to scanning
tunneling microscopy

Prof. Dr. Wolf Widdra

Local structure and spectroscopy
of organic thin films
Single polymers and organic thin films in contact
with solid surfaces are technologically important
interfaces in the field of organic electronics. The
understanding of their self-organization and
structure as well as their resulting electronic
properties is the aim of our project in the SFB 102.
The combination of scanning probe techniques and
photoemission spectroscopies allows a dedicated
assignment of local electronic states to specific
interface-induced structures, which leads to a
deeper understanding of this class of interfaces
for electronic devices.

S. Förster, K. Meinel, R. Hammer, M.
Trautmann, and W. Widdra; Quasicrystalline
structure formation in a classical crystalline
thin-film system. Nature 502, 215 (2013)
Höfer, M. Fechner, K. Duncker, M. Hölzer, I.
Mertig, and W. Widdra; Persistence of surface
domain structures for a bulk ferroelectric
above TC. Phys. Rev. Lett. 108, 087602 (2012)
K. Duncker, M. Kiel, and W. Widdra;
Momentum-Resolved Lifetimes of
Image-Potential States on Ag(001). Surface
Science Letters 606, 87 (2012)
C.-T. Chiang, A. Blättermann, M. Huth, J.
Kirschner, and W. Widdra; High-order harmonic
generation at 4 MHz as a light source for
time-of-flight photoemission spectroscopy.
Applied Physics Letters 101, 071116 (2012)
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Fields of Research:

Current Projects and Future Goals:

› Magneto-optic microscopy
› Spin transport in magnetic multilayers
› Magnetization dynamics
› Magnetic nanostructures

Electric field control of magnetization
In order to achieve this multiferroic functionality
ferromagnet/dielectric hybrid systems are used.
The application of an electric field to an ultrathin
ferromagnetic material gives rise to modification
of the electronic structure at the interface bet
ween the ferromagnetic metal and the dielectric.
This electronic tuning causes a modified occupation
of electronic states at the interface and leads to
electrically induced changes of magnetic anisotropy. Hence external electric fields can generate
internal magnetic fields. In principle these fields
are present on ultrafast time scales. This is explored
using rf-electric fields in order to drive internal
magnetic fields in the GHz frequency range to
generate spin-waves. Furthermore the dielectric
can be replaced by a ferroelectric material in order
to study the coupling between ferromagnetic and
ferroelectric polarizations.

The research activities in the optics group focus
on spin dynamics and spin transport on small
time and length scales. Most of the experiments
involve ultrafast optical methods for the detection
of spin dynamics. In addition to the time resolved
optical methods the preparation of most samples
(growth and nano- fabrication) is also performed
in our group.
The field of spin electronics has enjoyed enormous
interest in last three decades due to the discovery
of tunneling magneto-resistance, giant magnetoresistance, spin transfer torque, and the spin Hall
effect. These phenomena allow to control the
magnetization state by charge currents and vice
versa. In addition even pure spin currents can be
generated and may be used for spin logic devices.
Such experiments are of enormous interest fundamentally as well as for applications such as spin
electronic memory.
Current research topics are for instance the spin
Hall effect in metallic multilayers and the electrical
control of magnetization dynamics in dielectric/
ferromagnet hybrid systems. The goal is an improved understanding of fundamental processes
in order to allow the development of novel spin
electronic devices.

Spin currents due to spin orbit effects
In recent years it has been shown that charge
currents can be used to generate spin currents
even without a ferromagnetic material due to the
spin orbit interaction. This effect is known as the
spin Hall effect. We use this phenomenon to gene
rate spin transfer torques in metallic multilayer
systems. As shown in the figure the spin angular
momentum that is generated due to the spin Hall
effect can be used to compensate or enhance the
spin relaxation in a ferromagnetic structure. In
our experiments we would like to understand the
magnitude of this effect and the role of the interface for various combinations ferromagnet and
normal metal elements.
Spincaloric transport
It has been predicted theoretically that a temperature gradient in the presence of spin orbit interaction can lead to a spin current transverse to the
temperature gradient (Spin Nernst Effect). We
plan to use large electrical currents in microscopic
antenna structures at terahertz frequency in order
to generate large temperature gradients on an ultrafast time scale (1 picosecond). The idea is to monitor
the corresponding spin polarization in a time resolved fashion using the magneto optic Kerr effect.

Figure: (top) the magnetization in a Ni80Fe 20/Pt bilayer is
excited by microwave field. Simultaneously a charge current
flowing in the bilayer can be used to tune the resonance line
width due to the spin Hall effect (bottom).

Nanostructured polymers
and soft matter

There is no 20th-century technology without polymers and other “soft”
materials, covering nearly all aspects of nowadays modern life. The
desired specific function of polymers (or macromolecules), and also
small-molecule based liquid crystal phases, is based on their defined
micro- and nanostructure, implementing their widespread use in
materials science and technology. Starting from their synthetic preparation, their dynamics and micro- and nanostructural order are investigated both theoretically and experimentally, aiming at the understanding of the relation between molecular dynamics and nano-scale
ordering on the one hand, and effects observed at macroscopic scales
on the other hand. Being a strongly interdisciplinary field, the education aspects are therefore specifically addressed in the special Master
program “Polymer Materials Science”.
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DFG Collaborative Research Center SFB/Transregio 102:

Polymers under Multiple Constraints –
Restricted and Controlled Molecular Order and Mobility
Budget: 7.3 Mio € (5.5 Mio. € Halle share)
Funding period: July 2011 – June 2015

Project Description
The central aim of the Collaborative Research Centre is to study
and understand the effect of internal and external constraints on
structure formation and dynamics of polymer systems. Physical
polymer science has made much progress during the last decades in
understanding the universality of polymer properties, i.e., cases
where local chemistry and global properties of the chain can be
separated. In the SFB we study problems which are characterized
by strong correlations between local structure and global conformation of the chain. Prominent examples for such processes and
central objects of study in the SFB are crystallization in the area of
synthetic polymers and misfolding of proteins in the area of bio
polymers. In both cases, the formation of local ordered structures
goes along with the formation of distinct mesoscopic structures.
Although, different from crystallization, misfolding or amyloid
formation is connected to specific interactions, in both processes
there are aspects with a high degree of universality.
Connectivity, chemical structure and topology of the surrounding
act as internal constraints and restrict molecular order and mobility. External constraints like confinement, structured surfaces, or
flow are often present during structure formation and can even be
used to tune it. Many functional materials of synthetic or biological origin result in this way from processing under constraints.
Polymer crystallization and amyloid formation together with selected other self-assembled systems are studied in the SFB with the
aim to advance understanding on a fundamental level and with the
expectation that fundamental understanding will prepare the
ground for future processing routes of advanced materials.

During crystallization a polymer undergoes a transition from
a disordered coiled state to a partially ordered folded state
resulting in a nanostructured semicrystalline morphology. This
process is a classic example for correlated structure formation
on the molecular and on the mesoscopic level.

Participating Institutions
Martin-Luther-University Halle-Wittenberg
University of Leipzig
Fraunhofer Institute for Mechanics of Materials Halle

Projects and Project Leaders
• A1: Effects of topological constraints in polymer melts on
crystallization and structure formation
Prof. Thomas Thurn-Albrecht, Prof. Kay Saalwächter (Physics,
MLU Halle)
• A2: Statistical mechanical description of polymer
crystallization: theory and simulation
PD Semjon Stepanow, Prof. Wolfgang Paul (Physics, MLU Halle)
• A3: Crystallization in dynamic supramolecular polymers
Prof. Wolfgang H. Binder (Chemistry, MLU Halle)
• A5: Constrained side chain dynamics in semi-crystalline
polymers with comb-like architecture
PD Mario Beiner (Chemistry, MLU Halle and FhI Halle)
• A6: NMR Investigations of the Self-Organization and Dynamics
of Amyloid Protein Fibrils
Prof. Daniel Huster (Medicin, U Leipzig); Prof. Jochen Balbach
(Physics, MLU Halle)
• A7: Intra- and intermolecular structure formation in the
presence of specific interactions
Prof. Wolfgang Paul (Physics, MLU Halle)
• A8: Organization and interactions of eye-lens crystallins:
native states and cataract formation
Prof. Kay Saalwächter, Prof. Jochen Balbach (Physics, MLU Halle)
• B1: Amyloid protein aggregation and fibril formation near
interfaces and nanoparticles
Prof. Bernd Abel (Chemistry, U Leipzig)
• B2: Structure and local properties of polymers in contact with
ideal surfaces
Prof. Wolf Widdra (Physics, MLU Halle)
• B3: Substrate-induced molecular order and nucleation in thin
films of semicrystalline polymers
Prof. Thomas Thurn-Albrecht (Physics, MLU Halle)
• B4: Nanopatterns of macromolecules
Prof. Wolfhardt Janke (Physics, U Leipzig)
• B5: Structural levels of organisation in spider-silk - a combined
mechanical and IR-spectroscopic study
Prof. Friedrich Kremer (Physik, U Leipzig)
• B7: Mesomorphic organization of hydrophobic chains in
Langmuir films at the air/water interface and in LangmuirBlodgett films on solid supports
Prof. Jörg Kreßler (Chemistry, MLU Halle)
• B8: Broadband Dielectric Spectroscopy to study the molecular
dynamics in nanometer thin layers of block copolymers
Prof. Friedrich Kremer (Physik, U Leipzig)
• B9: Correlation between chain conformation, microstructure
and mechanical behaviour of shear aligned weakly segregated
block copolymers
Prof. Roland Weidisch (Chemistry, MLU Halle and FhI Halle)
• B10: Interaction of Single Polymer Chains in a Thermophoretic Trap
Prof. Frank Cichos (Physics, U Leipzig)
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Integrated Research Training Group “Polymers:
Random Coils and Beyond”
The Integrated Research Training Group (iRTG) of the SFB Transregio 102 provides a systematic doctoral training for the PhD students who are active in the field of research of the SFB. Realizing
that modern problems in polymer science can only be tackled with
proper command of the underlying basics, and considering its interdisciplinary character, the
iRTG seeks to establish a broad
background in all aspects of
polymer science, enabling communication between the PhD
students and preparing them for
the challenges of professional
work in industry or academia.

Contact:
SFB-TRR 102
Martin-Luther-Universität Halle-Wittenberg
Institut für Physik
Von-Danckelmann-Platz 4
D-06120 Halle (Saale)
Email: sft-trr-102-office@physik.uni-halle.de
Prof. Thomas Thurn-Albrecht (spokesperson SFB)
Email: thomas.thurn-albrecht@physik.uni-halle.de
Prof. Kay Saalwächter (spokesperson iRTG)
Email: kay.saalwaechter@physik.uni-halle.de
Susanne Grauert (administration and accounting)
Email: susanne.grauert@physik.uni-halle.de
Phone: +49 (0) 345-55-25 825
www.natfak2.uni-halle.de/sfbtrr102

Lecture of Prof. Thurn-Albrecht given
for the members of the integrated
Research Training Group “Polymers:
random coils and beyond”.

The AFM image shows an amyloid fibre, an aggregate formed by specific oligopep
tides (NNFGAIL, part of the human ISLET polypeptide). Many proteins and peptides
form these kinds of fibers under certain conditions, and several neural dieseases are
related to the formation of such fibrous aggregates in the body of a living being. The
physical chemistry of the aggregation process is one of the central research topics
of the SFB. As indicated by the inset, there is a similarity between semicrystalline
polymers (see other figure) and myloids,
which often feature a rigid β sheet motif
in the core and mobile terminal chains.
Group picture of the members of the SFB-TRR 102 taken at the last retreat in
Bad Blankenburg in March 2012.
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DFG Research Group FOR 1145:

Structure Formation of Synthetic Polyphilic
Molecules with Lipid Membranes
Budget: 1.6 Mio. €
Funding period: March 2010 - February 2013

Project Description:

Scientific Goals

The research group is engaged in the synthesis and structure formation of polyphilic molecules. These molecules have special
polyphilic characteristics which enables them to self-association
and also to interactions and structure formation with lipid membranes as templates. The term “polyphilic” means that these synthetic
molecules possess additional structural motifs besides the wellknown hydrophilic and hydrophobic moieties. For instance, these
can be liquid-crystalline segments, selective or complementary
structural motives, as well as covalently bound nanoparticles of
fluorophilic segments. Because of their polyphilic properties, it can
be expected that these molecules show strong interactions with
phopholipid membranes. The molecules which will be synthesized
are of low molecular weight, but also polyphilic macromolecules
will be synthesized which have hydrophilic, lipophilic, fluorophilic
and other self-associating moieties in specific positions in the mole
cule. Two subprojects work mainly on the synthesis of these molecules
and the three other subprojects concentrate on the physico-chemical
characterization of the self-assembly and the interaction of these
molecules with model membranes.

Goal of the research group is to analyze the self-assembly of newly
synthesized polyphilic molecules per se and then their interactions
with various phospholipid membranes. These phospholipid membranes act as models for biological membranes which enclose cells
against the environment. The polyphilic molecules can interact
with the membranes and alter their properties, i. e. they can stabilize or de-stabilize them by binding to the membrane surface or by
incorporation into the hydrophobic part of the membrane. For ins
tance, tri-block-copolymers with hydrophobic and hydrophilic
blocks can be used to form holes in membranes or to seal damaged
membranes. By use of block copolymers also metal or metal oxide
nanoparticles can be bound to membranes and thus to cover membranes with nanoparticles. In this case the membrane is used as a
template for a two-dimensional arrangement of nanoparticles.
Low molecular weight polyphilic molecules are able to insert into
membranes as well, but they can also alter the membrane structure
in that the closed membrane vesicles are transformed into bilayer
patches, so-called bicelles. The properties of these composite membranes are investigated by a variety of methods, such as fluorescence spectroscopy and microscopy, NMR spectroscopy, by calorimetric methods, by atomic force microscopy and also electron
microscopy. The studies are intended to find general principles for
structure formation of polyphilic molecules on and in membranes.
Knowing these it might then be possible to find molecules for
potential pharmaceutical or medical application and in the field of
science of soft materials.

Epifluorescence microscopy images of a lipid-blockcopolymer monolayer in the transition region
between liquid-expanded and liquid-condensed phase.
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Projects and Project Leaders

Top: Principle of association and
incorporation of polyphilic block
copolymers with lipid membranes
Bottom: Cryo-electron microscopy
image of spherical unilamellar lipid
vesicles of different sizes.

First results obtained in the Forschergruppe “Polyphiles” show
that the newly synthesized low as well as high molecular weight
polyphilic molecules lead to surprisingly unexpected new aggregate structures as pure substances as well as in interaction with
lipid monolayers and bilayers. One example is the interaction and
incorporation of polyisobutylene (PIB) and poly(ethylene oxide)
(PEO) diblock copolymers, which are highly biocompatible polymers, into giant unilamellar vesicles of DPPC (1,2-dipalmitoylsn-glycero-3-phosphocholine). Their incorporation into DPPC vesicles
leads to interesting structural modifications upon the formation of
hybrid GUVs depending on the mixing ratio. Also, the behaviour of
DPPC monolayers at the air/water interface is strongly disturbed
by the presence of these diblock copolymers, proving in this case
phase separation induced by the polymer. Polymers with fluorophilic groups attached to one end of the macromolecule are preferentially incorporated into lipid monolayers at the domain boundaries leading to a decrease in line tension and to the formation of
solid condensed domains with aesthetically pleasing shapes which
can be visualized by epifluorescence microscopy (see figure on the
left). Low molecular weight polyphilic molecules can self-assembly
into vesicular structures. However, incorporation into lipid vesicles
leads to a destruction of the vesicles and the formation of bicellarlike flat aggregates with hexagonal shape. These results show that
the aggregation patterns cannot always be simply predicted from
the geometrical shapes of the molecules.

• Polyphilic molecules with membrane modifying properties
Prof. Carsten Tschierske (Organic Chemistry)
• Competing interactions at interfaces between lipid membranes,
polymersomes and nanoparticles
Prof. Wolfgang H. Binder (Macromolecular Chemistry)
• Synthesis of uncharged triphilic block copolymers and their
interaction with phospholipids
Prof. Jörg Kreßler (Physical Chemistry of Polymers)
• Interactions of polyphilic molecules with lipid monolayers and
lipid vesicles
Prof. Alfred Blume (Physical Chemistry)
• NMR-investigations of membrane-polyphile-adducts
Prof. Kay Saalwächter (NMR Spectroscopy)

Associated Members

			
Jun.Prof. Kirsten Bacia (ZIK HALOmem),
PD Annette Meister (ZIK HALOmem),
Prof. Ludger Wesjohann (Leibniz Institute of Plant Biochemistry),
Prof. Bernhard Westermann (Leibniz-Institute of Plant Biochemistry)

Contact
FOR 1145
Martin-Luther-Universität Halle-Wittenberg
Institut für Chemie
von-Danckelmann-Platz 4
D-06120 Halle (Saale)
Prof. Alfred Blume (coordinator and spokesperson)
Email: alfred.blume@chemie.uni-halle.de
Phone: +49 (0) 345-55 25 850
Tilo Wieczorek (administration and accounting)
Email: tilo.wieczorek@chemie.uni-halle.de
Phone: +49 (0) 345-55 25 851
www.chemie.uni-halle.de/for_1145/
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Institute of Chemistry & Fraunhofer Polymer Pilot Plant Center

Polymer Reaction Engineering
Fields of Research:

Current Projects and Future Goals:

› Polymerization processes
› Process kinetics
› Mass & heat transfer
› Process development
› Scale-up
› Modeling & simulation

Mass transfer & kinetics in polypropylene
polymerization
Propylene is polymerized by coordinative poly
merization using supported metalorganic catalysts. Monomer has to be transported from the
gas-phase through the polymer to the active sites
of the catalyst. Even though mass transfer in polyolefin polymerization is already a long-studied
topic, open questions remain. Our approach is to
measure both process kinetics in polymerization
experiments and mass-transfer by separate sorption measurements. Objective of the project is to
develop a new, experimentally justified masstransfer model for polymerizing particles and to
apply this for studying the balance of reaction
and mass-transfer in gas-phase polymerization
of propylene.

Polymerization reactions show some specifics:
Polymers are not uniform products, but characterized by product spectra like e.g. the molecular
weight distribution (MWD) or the copolymer
composition distribution (CCD). These product
spectra are essential for product properties and
are influenced by both the chemical mechanism,
but also by the reactor and reaction conditions.
Hence, reaction engineering not only influences
safety and performance of a polymerization process, but also product properties and product
quality. Polymerization processes often exhibit
significant increases in viscosity and in many
cases are very exothermic.
Our group deals with reaction engineering aspects of polymerization reactions. In particular,
we focus on experimental measurement of process
kinetics, on design and optimization of reactors
and reaction conditions and on intensification of
mass- and heat-transfer in polymerization processes. Mathematical modeling and simulation is
a further field of activity and is an important tool
for us.
We strongly cooperate with the Fraunhofer Polymer Pilot Plant Center in Schkopau, which is also
headed by Prof. Bartke. Key activities of the Pilot
Plant Center are process development and scaleup of polymerization processes as well as sample
synthesis up to the tons scale.

Catalyst kinetics under industrially
relevant conditions
In many polymerization processes, catalysts play
an important role. Hence, there is a continuous
need for development and testing of new catalysts. Our part in this is to mimic industrial reaction conditions in our lab-scale reactor setups
and to measure the resulting catalyst kinetics by
suitable means. In one project we test industrial
catalysts for polyolefin polymerization; topic of
another project currently in preparation is eva
luation of catalysts for synthesis of a new bio
degradable polymer. Process safety is another
important topic of this project.
Scale-up of polymerization processes
Scale-up is an important step during commercialization of new technologies. Typical challenges for
scale-up of polymerization processes are heat
removal, mixing conditions and in general hand
ling of higher viscosities. Starting with experiments in lab-scale up to the 5 liter scale, our co
operation with the Fraunhofer Polymer Pilot
Plant Center offers also access to modern polymerization pilot plant facilities up to the 1 m³ scale.

Prof. Dr. Michael Bartke
2001
PhD in Polymer Reaction Engineering
(Technical University of Berlin,
Germany)
2001–2005
Senior Researcher at Borealis Polymers
(Porvoo, Finland)
2005–2006
Research Manager for Process
Research at Borealis Polymers
(Porvoo, Finland)
2006–2008
Scientific Director Fraunhofer Polymer
Pilot Plant Center (Schkopau, Germany)
Since 2008
Director Fraunhofer Polymer Pilot
Plant Center (Schkopau, Germany)
Since 2006
Professor for Polymer Reaction
Engineering (W3) at Martin Luther
University Halle-Wittenberg, joined
appointment with Fraunhofer Society.

Contact
michael.bartke@chemie.uni-halle.de
www.chemie.uni-halle.de
www.polymer-pilotplants.com

Selected publications:
M. Bartke et al. “Sorption and diffusion of
propylene and ethylene in heterophasic
polypropylene copolymers”
Macromol. Symp. 259, 327-336, (2007)
S. Kröner et al. “Kinetic study of the
copolymerisation of ethylene with a single
site catalyst in propane slurry polymerisation”
Macromol. Symp. 259, 284-294, (2007)
M. Bartke. “Polymer Particle Growth and
Process Engineering Aspects”, Kapitel 3 in
Severn, J.R., Chadwick, J.C., “Tailor-Made
Polymers: Via immobilization of Alpah-Olefin
Polymerization Cataylst”, ISBN 978-3-52731782-0, S. 79-94Wiley-VCH, (2008)
T. Kröner, et al,“Modellbasierte Übertragung
von satzweisem- auf kontinuierlichen Betrieb
am Beispiel einer radikalischen Copolymerisation”, Chemie-Ingenieur-Technik, 11/2009, (2009)

Gas phase polymerization reactor

Start-up behavior reactor cascade; conversion vs. time

S. Kröner et al. “Thermodynamic data of
ethylene-propane mixtures in condensed and
supercritical state”, Macromolecular Reaction
Engineering, Volume 5, Issue 11-12, 563–574,
(2011)
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Institute of Chemistry

Macromolecular Chemistry
Prof. Dr. Wolfgang H. Binder
1995
PhD in Organic Chemistry
(University of Vienna, Austria)
1996–1997
PostDoc (Emory University, USA,
Prof. F. M. Menger)
1997
PostDoc (University of Vienna,
Austria, Prof. J. Mulzer)
2004
Habilitation (Vienna University of
Technology)
since 2007
Full Professor (W3) of Macromolecular
Chemistry (Martin Luther University
Halle-Wittenberg)

Contact
wolfgang.binder@chemie.uni-halle.de
www.macrochem.uni-halle.de

Selected publications:
Binder, W. H et al. Tunable Materials from
Hydrogen-Bonded Pseudo Block Copolymers.
Adv. Mater., (2005), 2824-2828.
Pulamagatta, B. ; Binder W. H. et al. Block
Copolymer Nanotubes by Melt-infiltration of
Nanoporous Aluminum Oxide. Adv. Mater.
(2011), 23 (6), 781-786.

Fields of Research:

Current Projects and Future Goals:

› Synthesis of functional macromolecules
› Self healing polymers and composites
› Biopolymers and artificial biomembranes
› Living polymerization methods
› Polymer crystallization

Self-Healing Polymers
The ideal material is self-repairing after external
damage has occurred, thus restoring the initial materials properties without external help. Similar to
nature, where the rupture of blood-vessels induces
healing of tissue, we are making self healing polymer from capsules containing reactive components,
which crosslink after rupture. Important is the design of catalytic processes, such as the “click”-reaction, enabling to effect network-formation after
capsule-rupture. Thus polymers with self-healing
properties can be engineered.

Polymers and macromolecules are large molecules
with high molecular weights, composed of repeating structural units. Prominent examples are
commodity polymers such as poly(propylene),
poly(ethylene) or poly(carbonate), which are widely
used as long-life materials in structural materials
or information storage. More complex macromolecules are used in renewable energies e.g. in
solar cells, to convert solar energy into electric
power, as interlayer in fuel cells, to act as barrier
between electrochemical cells or as medical implants and drug-delivery systems. Organization
and order of the underlying macromolecules is a
basic requirement for obtaining such functional
materials.
Our group deals with the design and synthesis of
macromolecules aiming to control their molecular
order and in turn their function. Main issues concern the ordering of macromolecules by designed
supramolecular interactions (so called supramole
cular polymers), as well as investigations of polymer crystallization and microphase separation.
Central issues are the design of macromolecules
for renewable energies (solar cells, fuel cell membranes), in nanocapsules aiming at biomedical
use and for the design of self-healing materials.

Binder, W. H., Self-Healing Polymers. From
Principles to Applications. Wiley-VCH Verlag
GmbH & Co. KGaA: Weinheim (2013) p 425 pages.
Schulz, M.; Binder, W. H. et. al., Controlling
Molecular Recognition with Lipid/Polymer
Domains in Vesicle Membranes. Angew.
Chem. Int. Ed. (2013), 52 (6), 1829-1833
Barqawi, H.; Binder, W. H. et. al., 2D-LC/
SEC-(MALDI-TOF)-MS Characterization of
Symmetric and Nonsymmetric Biocompatible
PEOm–PIB–PEOn Block Copolymers.
Macromolecules (2013), 46 (19), 7638-7649.
Malke, M. et. al. Synthesis of an Amphiphilic
β-Turn Mimetic Polymer Conjugate. ACS
Macro Letters (2014), 3 (4), 393-397
Michael, P.; Binder, W. H. A mechanochemically triggered “click”-catalyst. Angew.
Chemie 2015, in press, DOI: 10.1002/
anie.201505678R1 and 10.1002/
ange.201505678R1.
Chen, S.; Mahmood, N.; Beiner, M.; Binder,
W. H. Self-Healing Materials from V- and
H-Shaped Supramolecular Architectures.
Angew. Chemie 2015, 127, 10326-10330.

Nanocapsules and membranes
Compartimentation is a central feature of life,
most excellently established in cells where organelles are very efficiently separated from the surrounding matter by very thin membranes (with a
thickness of approx. 5 nm), consisting of lipids.
Designed polymers (so called amphiphilic blockcopolymers) are prepared by synthesis and investigated to engineer artificial membranes with
variable thicknesses (up to ~50 nm`s), introducing
new structural features such as improved oxygen
transport, a controllable permeability by defined
pores as well as triggered release of components
for use in biomedicine, drug delivery and energy
conversion.

Nanocapsules

Adaptive Dynamic Materials –
Supramolecular Polymers
The dynamics of materials enables adaptive properties in the ever-changing living environment.
Based on synthetic approaches via living polymerization processes, the dynamics of ordering
processes in molten polymers are studied. Thus,
aggregation- and ordering phenomena on the nanoscale such as crystallization and microphase
separation are discovered, relying on hydrogenbonds and electrostatic (ionic) interactions.
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Institute of Mathematics

Stochastics
Fields of Research:

Current Projects and Future Goals:

› Stochastic partial differential equations
› Fractional stochastic processes
› Optimal control of stochastic systems
› Linear and nonlinear filtering
› Stochastic backward equations

Stochastic Schrödinger type equations
Essential tools in the theory, modeling and simulation of nanostructured materials are equations
of Schrödinger type.
Using stochastic processes in Schrödinger equations one can model spontaneous emissions or
thermic fluctuations or general random disturbances. For example, a nonlinear stochastic
Schrödinger equation appears in a quantum trajectory Monte Carlo method. We want to study as
well nonlinear fractional stochastic evolution
equations of Schrödinger type and their solution
approximation from a mathematical mathematical
background as concrete applications in nanostructured materials. In a second step optimal
control problems and filtering problems for such
equations are discussed. The considerations of
time delays is also provided.

Stochastic partial differential equations belong
to the modern research of infinite dimensional
stochastic analysis. Such equations can be interpreted as stochastic evolution equations (SEE)
and the solutions are defined in a generalized
sense. The solution can be defined on a given
probability space or by constructing of probability
space. Applications in physics and economics
show the necessity to study filtering problems and
problems of optimal control for SEE.
Our group deals with existence, uniqueness,
smoothness properties and approximation of
solution processes for SEE. Especially long range
dependence properties are considered by using of
cylindrical fractional Brownian motion. Optimal
control problems for SEE are solved on the basis
of optimality conditions of maximum principle
type. In this context we investigate Stochastic
backward Hilbert space valued of Ito Volterra
type equations. Operator valued equations are
derived to solve fractional filtering problems.

Applications in the areas BMM and PRE are also
possible.

Prof. Dr. Dr. h. c.
Wilfried Grecksch
1976
PhD in Mathematics (TU Dresden)
1980
Habilitation (Institute of Technology
Merseburg)
2003
Dr. h. c. (State University Voronezh)
1971–1973
Staff member (Brown coal industry)
1973–1992
Institute of Technology Merseburg
(Research assistant, lecturer)
Since 1993
Full Professor (C4) of Stochastics
(MLU)
2000-2006
Vice-chancellor of MLU

Contact
wilfried.grecksch@mathematik.
uni-halle.de
www.mathematik.uni-halle.de

Example of a SEE:

Selected publications:
W. Grecksch, H. Lisei. Stochastic Nonlinear
Equations of Schrödinger Type.
Stoch. Anal.Appl. 29(2011), No 4, 631-653.
W. Grecksch, H. Lisei. Stochastic Schrödinger
Equation Driven by Cylindrical Wiener Process
and Fractional Brownian Motion. Stud. Univ.
Babeş-Bolyai Math. 56(2011), No. 2, 381–391.
V.V. Anh, W. Grecksch, J. Yong. Regularity of
backward stochastic Volterra integral
equations in Hilbert spaces. Stoch.Anal.
Appl.29(2010), No. 1, 146-168.
W. Grecksch, C. Roth, V.V. Anh. Q-fractional
Brownian Mmotion in Infinite Dimensions
with Applications to Fractional Black-Scholes
Markets. Stoch. Anal. Appl., 75 (2009), 149-175.
W. Grecksch, C. Tudor. A Filtering Problem for
a Linear Stochastic Evolution Equation Driven
by a Fractional Brownian Motion. Stoch. Dyn.,
8 (2008), 307-412.
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Institute of Chemistry

Physical Chemistry of Polymers
Prof.Dr. Jörg Kressler
1986
PhD in Macromolecular Chemistry
(TU Dresden, Germany)
1989–1990
Postdoc (University of Massachusetts
at Amherst, USA) with Prof. F.E.
Karasz
1991–1993
Postdoc (Tokyo Institute of
Technology, Japan) with Prof. T. Inoue
1993–1997
Research scientist at Freiburg
Materials Research Center
1997
Habilitation in Physical Chemistry
(TU Dresden)
since 1997
Full Professor (C4) on Physical
Chemistry of Polymers (Martin
Luther University Halle-Wittenberg)

Contact
joerg.kressler@chemie.uni-halle.de
www.chemie.uni-halle.de

Selected publications:

Fields of Research:

Current Projects and Future Goals:

› Physical chemistry of polymers and
biomacromolecules
› Amphiphilic polymers in water and on
the water surface
› Microscopic, spectroscopic, and scattering
techniques for polymer characterization
› Equation-of-state thermodynamics of
polymers
› Polymers for pharmacy and medicine
(in vitro, in vivo)

Triphilic polymers in water and
on membranes
Triphilc polymers (hydrophilic, lipophilic, fluorophilic) can be synthesized by ATRP combined with
‘click’ chemistry. They form compartmentalized
nanostructures in water and show interesting
structures when incorporated into lipid membranes. Thus, it is our goal to utilize these properties for drug release systems and to apply them to
tailor the membrane permeation of model systems
and of living cells.

Nanostructured polymers can be synthesized by
various techniques of controlled polymerization.
Especially polymers which combine hydrophilic
and hydrophobic entities are interesting for biomedical and pharmaceutical applications. They
form nanostructures in water suitable for controlled release applications and they are surface
active. Thus these polymers can be used for tailoring biocompatible surfaces. The characterization
of amphiphilic polymers requires frequently a
combination of advanced microscopic, spectros
copic, and scattering techniques based on a broad
understanding of kinetics and thermodynamics
of structure formation.
Our group is able to synthesize and characterize
advanced macromolecular nanostructures. An
understanding of the thermodynamics and
dynamics of these structures in vitro and in vivo
allows the development of new polymeric systems
suitable for biomedical and pharmaceutical applications.

A. Schädlich, et al. Non-invasive in vivo
monitoring of the biofate of 195 kDa poly(vinyl
alcohol) by multispectral fluorescence imaging.
Biomacromolecules 2011, 12, 3674-3683.

Thermodynamics of polymers
Equation-of-state thermodynamics is a suitable
tool to understand the behavior of polymers and
their blends in the melt and in solid state. This
approach beyond the Flory-Huggins theory is frequently necessary in order to understand e.g. the
phase behavior of polymer blends and also the
influence of shear on the phase behavior. PVT
(pressure, volume, temperature) measurements
which yield thermal expansion coefficients and
compressibilities are the most important tool for
EOS thermodynamics.
Biomacromolecules
Linear polyesters can be synthesized by enzymatic
polycondensation of glycerol and adipic esters.
These polyesters having OH-groups attached to
the polymer backbone are hydrophilic and biocompatible. The OH groups allow for further
hydrophilic (PEO) or hydrophobic (fatty acid)
modification. These modified polyesters are able
to form in vitro and in vivo so called solid lipid
nanoparticles (cubosomes) in water.

E. Amado, J. Kressler. Triphilic block copolymers
with perfluorocarbon moieties in aqueous
systems and their biochemical perspectives.
Soft Matter 2011, 7, 7144-7149.
D. Pfefferkorn et al. Crystallization and melting
of poly(ethylene oxide) in blends and diblock
copolymers with poly(methyl acrylate).
Macromolecules 2011, 44, 2953-2963.
S. Reuter et al. Langmuir and LangmuirBlodgett films of multifunctional, amphiphilic
polyethers with cholesterol moieties. Langmuir
27, 2011, 1978-1989.
T. Naolou et al. Synthesis of well defined graft
copolymers by combination of enzymatic
polycondensation and ‘click’ chemistry.
Biomacromolecules 2010, 11, 3660-3667.

Nanostructred nancocubes of graft-copolyesters.

Fluorescence image of lipids and polymers on the water surface
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Institute of Chemistry

Molecular and Structural Chemistry
Fields of Research:

Current Projects and Future Goals:

› Coordination polymers based on
Organotin oxometallates
› Cluster compounds with main group elements
› Coordination chemistry with multi
functional ligands
› X-ray crystal structure analysis

Heterobimetallic coordination polymers
based on organotin molybdates
The network structure of anionic coordination
polymers like NR 4[(Ph 3 Sn)3(MoO4)2] is sensitive
to the influence of the cations NR 4+, e.g. a change
in the size of the cation may lead to topological
changes in the host network. In this project, NR 4+
cations are exchanged by positively charged transition metal complexes [MLn]x+. In contrast to NR4+
cations transition metal complexes, e.g. [Zn(en)2]2+,
are enabled to specific coordinative interactions
with the anionic host and thus, a strong influence
on the structure and topology of the host lattice
is to be expected.

Coordination compounds in which metal ions are
linked by di- or polyfunctional ligands to give
extended 1D chain, 2D layer or 3D network structures are called coordination polymers. Typical
examples can be found in the field of MOFs
(metal organic frameworks) based on metal dicarboxylates, e.g. terephthalates.
Our research on coordination polymers is focussed
on organotin oxometallates which are accessible
by the reaction organotin halides R 3SnCl or
R 2SnCl2 with oxoanions like MoO42-, WO42-, VO43etc. Fig. 1 displays the crystal structure of
NBu4[(Ph3Sn)3(MoO4)2]. In this case, the anionic
part exhibits a 3D network based on a 10,3-b
topology with the cations embedded in the voids
of the host polymer.
Clusters of main group elements are known in
different compositions, e. g. Zintl- type clusters
like Sn94-, Pb52-, etc. In our research we are interested in cluster compounds in which main group
elements (group 13 to 15) are linked by chalco
genide or pnictide-bridges. As an example the dodecahedral tin oxo cluster [{Cp*(CO)2Fe}6Sn6O8]2+
is shown in Fig. 2.
In transition metal coordination chemistry, ligands
like 2,4-pentanedionates or salicylaldimato deri
vatives are widely used. In our approach, we try to
modify the properties of these ligands by functionalization. One of the goals is a chiral modification of 2,4-pentandionates to obtain ligands
that can be used in enantioselective catalysis.
Furthermore, the introduction of additional bin
ding sites like carboxylate, sulfonate or phosphonate groups could lead to new linkers for the
rational synthesis of heterobimetallic coordination
polymers.

Chirally modified 2,4 pentanedionate
ligands
Chiral ligands can play an important role in en
antioselective catalysis. In this project, novel ligands are synthesized on the base of 2,4 pentan
dionates and naturally occuring amino acids. The
chiral ligands are used in transition metal catalyzed reactions like Michael additions.
Cluster compounds
In this project, functionalised silylamido ligands
are used for the synthesis of novel Al-N, Ga-N and
In-N cluster compounds. These cluster compounds are potential molecular precursors for
the low-temperature synthesis of the binary nitrides AlN, GaN and InN.

1986
PhD in Inorganic Chemistry,
University of Karlsruhe (TH)
1991
Habilitation, University of
Karlsruhe (TH)
since 1994
Full Professor (C3) of Inorganic
Chemistry, Martin Luther University
Halle-Wittenberg

Contact
kurt.merzweiler@chemie.uni-halle.de
www.chemie.uni-halle.de

Selected publications:
C. Wagner, K. Merzweiler. Synthesis and
Crystal Structures of Novel Copper(I) Clusters
with Bridging Silyl Amide Ligands. Anorg.
Allg. Chem. 2014, 640, 2198–2202.
A. Hentsch, C. Wagner, K. Merzweiler.
Synthesis and Coordination Behavior of Novel
Schiff Base Ligands Derived from 3-Formyl
Acetylacetone and Naturally Occuring
L-Amino Acids. Z. Anorg. Allg. Chem. 2014,
640, 339-346.
B-D. Lechner, S. Hahn, C. Wagner, K. Merzweiler.
Syntheses and Crystal Structures of Novel
Functionalized Lithium Silylamides R(4-n)
Si(N(Li)CH2CH2NR’2)n (R = Me, Ph, R’ = Me,
iPr; n=2, 3). Z. Anorg. Allg. Chem. 2013, 639,
2597-2603.
C. Wagner, K. Merzweiler. Novel
[{Cp(CO)2Mo}2ESbCl]-Clusters With
Tetrahedral Mo2SbE-Core (E = S, Se). Z.
Anorg. Allg. Chem. 2011, 637, 651-654.
M. Kondracka, T. Herntrich, K. Merzweiler.
Organotin Oxometallates with Novel
Structures. Z. Anorg. Allg. Chem. 2007, 633,
2121-2130.

3D network structure of the coordination
polymer NBu 4[(Ph3Sn)3(MoO 4)2]

Molecular structure of the cluster
[{Cp*(CO)2Fe} 6Sn6O 8]2+

Prof. Dr. Kurt Merzweiler
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Fields of Research:

Current Projects and Future Goals:

› Statistical physics of soft matter
› Structure and dynamics of polymer solutions
and melts in the bulk and in confinement
› Phase transitions and dynamics of single
(bio-) polymer chains
› Foundations of quantum mechanics and
quantum field theory
› Method development in computational
statistical physics

Phase transitions of synthetic polymers
In experiments, polymer crystallization is a process
where thermodynamic forces and kinetic cons
traints interact in a hardly controllable way. Our
goal is to extend our simulation work on single
chain phase transitions and to study both by simu
lations and by analytical theory simple models
for polymer crystallization. This offers the possibility to disentangle thermodynamics and kinetics
to improve our understanding of this phase transition.
Copolymers can undergo phase separation within
a single molecule and variations of chain topology
and chemical composition lead to a variety of
microphase separated structures with always the
molecular scale as the resulting length scale of
the macroscopic morphology. We are studying these
systems both by computer simulations and by
field-theoretic methods.

Polymer science is a highly interdisciplinary field
with questions ranging from materials science to
basic theoretical physics. Rational design of polymerbased materials needs an understanding of structure and dynamics on the molecular scale. Computer
simulations of chemically realistic as well as coarsegrained models yield insight into molecular processes and help to interpret experiments. The hierarchy of length scales and time scales inherent in
often complex molecular architectures and material
morphologies engender the necessity for a multiscale modeling approach. This in turn needs model
as well as methods development for effic ient
Molecular Dynamics and Monte Carlo simulation.
Even a single (bio-)macromolecule is a fascinating
object in itself which can exhibit phase transitionlike phenomena like protein folding. The search for
a basic statistical physical understanding of these
phenomena links polymer theory to biophysics
and biology.

www.physik.uni-halle.de/theorie/ag/
polymertheorie

Selected publications:
M. Solar et al., The dielectric α-relaxation in
polymer films: A comparison between
experiments and atomistic simulations,
Europhys. Lett. 104, 66004 (2013).
H.-P. Hsu et al. Standard definitions of
persistence length do not describe the local
“intrinsic” stiffness of real polymer chains,
Macromolecules 43, 3094 (2010).
M. P. Taylor, W. Paul, K. Binder. All-or-none
protein-like folding transition of a flexible
homopolymer chain. Phys. Rev. E 79,
050801(R) (2009).
I. Gunkel, S. Stepanow et al. Fluctuation
effects in the theory of microphase separation
of diblock copolymers in the presence of an
electric field. Macromolecules 40, 2186 (2007)
W. Paul, G. D. Smith. Structure and dynamics
of amorphous polymers: computer
simulations compared to experiment and
theory. Rep. Prog. Phys. 67, 1117 (2004).

Phase transitions in a pearl-necklace chain
model with square-well attraction

From a basic theoretical physics point of view, the
conformational properties of linear polymers are
intimately connected to path integrals or random
walk theory. The methods for their analytical des
cription link polymer theory to quantum field
theory (statistical field theory) and the theory of
stochastic processes. Fundamental questions in
quantum field theory and a stochastic processes
based understanding of quantum mechanics are
interests of the group growing out of these connections.

Structure and dynamics in bulk and in
confinement
The understanding of structure and dynamics in
polymer melts is always concerned with influence
of chain topology on various length and time scales.
Polymers are ideal model materials for studies of
the structural glass transition because many of
them stay amorphous in quasi-equilibrium. But
in contrast to simple liquids local mobility is an
inter
play of packing and local molecular ar
chi
tecture. On larger scales, topology leads to a polymer specific collective dynamical process termed
reptation. In the vicinity of solid surfaces (e.g.,
confining walls or dissolved nano-particles) the
structure of a polymeric liquid is perturbed leading
to changes in the dynamics as well as new dynamic
processes. All these phenomena are studied by
means of Molecular Dynamics simulations.
Conformational and thermodynamic
properties of single (bio-)molecules and their
aggregates
Proteins and peptides are able of intra-molecular
structure formation and often need to assume
specific structures to perform their molecular
function. The same interactions (e.g., hydrophobic
or hydrogen bonding) generating these structures
can, however, also lead to chain aggregation, e.g.,
amyloid forma
t ion, underlying many neurodegenarative diseases. Understanding of the
stati stical mechanics and the kinetics of these
competing structure formation processes can be
obtained from advanced Monte Carlo simulations
of specifically designed models. At the same time
this yields insight into morphology generation in
supramolecular chemistry.
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Applied Analysis
Fields of Research:

Current Projects and Future Goals:

› Evolution equations
› Partial differential equations
› Integro-differential equations
› Mathematical modelling
› Phase transitions
› Viscoelasticity

Two-phase flows with phase transition and
interface physics
Modeling of two-phase flows is fairly well understood. Therefore a goal of this project is the ana
lysis of such models, in particular concerning the
long time behavior of the solutions and stability
questions. For this purpose existing analytical
tools have to be adapted and refined. A second
aspect of this project is modeling of interface
physics which requires joint efforts in Physics and
Mathematics. We expect that the developed analytical tools can also be employed in the analysis
of models involving interface physics.

Applied Analysis represents an important interface between Mathematical Analysis and its applications in the Natural and Economical Sciences.
Mathematical Models for real world phenomena
frequently lead to – deterministic or stochastic –
ordinary or partial differential equations or to
integro-differential equations. An appropriate
framework to study such problems analytically in
a unified way is provided by the theory of evolution equations. This theory allows to answer the
basic questions for well-posedness and for existence of the underlying dynamical systems, but
also to treat more advanced ones, as for asymptotics or qualitative behavior. Frequently, new
models ask for an improved or extended theory
and so the interaction between theory and applications is not one-way but always two-way.
Our group deals with both aspects, theory and
applications. In the theory, important tools have
been developed which allow to mathematically
analyze problems which have been out of reach
several years ago. Prominent examples come from
the theory of phase transitions, two-phase flows,
viscoelastic material behavior, and physics on
interfaces. In this context our group is also concerned with mathematical modeling in Physics,
Chemistry and Biology.

Mass transfer in multi-component
two-phase systems
The first goal in this project is to obtain a better
understanding and improvements in modeling
mass transfer processes in multi-component twophase systems. In particular, emphasis will be
put on first principles and on rigorous thermodynamical consistence. This is a challenging interdisciplinary task which requires the interaction
of Physics, Chemistry and Mathematics. The second
goal will be the mathematical analysis of the
developed models, which eventually will lead to a
deeper understanding of such mass transfer processes. In this respect we will apply our expertise
in the analysis of evolution equations and dyna
mical systems. This project is funded by the
Deutsche Forschungsgemeinschaft.
Foliations for quasilinear parabolic
evolution equations
Many quasilinear evolution equations exhibit
families of equilibria instead of single isolated
stationary solutions. This in particular true for
problems with moving interfaces. Recent work of
our group deals with stability properties of the
dynamics near families of equilibria. The goal of
this project is the study of foliations on invariant
manifolds near such configurations. This goal
requires very precise estimates which are not yet
available in the literature. We expect to obtain a
fairly complete picture, which will have many
applications in models for physical processes involving moving interfaces.

Prof. Dr. Jan Prüß
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Syst. 26, 625-647 (2010)
Prüss,J., Simonett,G,; On the two-phase
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Interfaces and Free Boundaries 12, 311-345
(2010)
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equations in weighted L_p-spaces. J.Evolution
Eqns. 10, 443-464 (2010)
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densities. Evolution Equations and Control
Theory 1, 171-194 (2012)
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solutions for thermodynamically consistent
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Nanocomposites. ACS Macro Lett. 2014, 3,
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A. Papon et al. Glass-Transition Temperature
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Scanning Calorimetry. Phys. Rev. Lett. 2012,
108, 065702 .
A. Krushelnitsky, D. Reichert, K. Saalwächter.
Solid-State NMR Approaches to Internal
Dynamics of Proteins: From Picoseconds to
Microseconds and Seconds. Acc. Chem. Res.
2013, 46, 2028–2046.
F. V. Chávez, K. Saalwächter. NMR Observation
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Fields of Research:

Current Projects and Future Goals:

› Physics of polymers, biomacromolecules
and liquid crystals
› Polymer melts, elastomers, and hydrogels
› Dynamics and interface phenomena in
(nano)composites
› Polymer crystallization
› Self-organization and dynamics in
functional polymers
› Method development in solid-state NMR

Structure and dynamics in
filled elastomers
Tire materials have a unique mechanical property
profile arising from a synergism between the rubber
matrix and inorganic fillers, mediated by their
interface. We investigate the relations between
internal structure, inhomogeneous molecular dynamics, and the mechanical properties of filled
elastomers by comparing industrially relevant
materials with model nanocomposites based upon
well-designed and -controlled silica particles. The
collaborative effort combines advanced (mainly
low-field) NMR spectroscopy, scattering techniques, dielectric and mechanical spectroscopy,
and computer simulations.

The function and design of modern polymeric and
other “soft” materials crucially rests on their often
self-organized microstructure and the molecular
dynamics. Our group focuses on molecular-level
probes of structure and dynamics in soft matter,
mainly (bio)polymers and liquid crystals, in order
to link molecular dynamics with meso- and macros
copic structure and function. This concerns, e.g.,
the mechanical and thermodynamic behavior of
polymer melts and (filled) elastomers, the nano
scale morphology in self-organized systems, or
dynamics-function relationships in biomolecular
systems.
Our main method is NMR spectroscopy, which
represents one of the most versatile molecular
probes of structure and dynamics. Modern NMR
offers a variety of strategies, realized in the form of
one- or higher-dimensional experiments, providing
access to diverse observables such as interatomic
distances, rotational dynamics covering many
decades in time, translational diffusing (using
pulsed field gradients) and structure on the nano
scale (employing the spin-diffusion effect). We
seek to apply and newly develop NMR experiments,
complemented by a variety of other characterization techniques in order to validate and improve
our theoretical understanding in soft-matter
physics.

Organization and interactions of
eye-lens crystallins (CPB)
The eye lens is a complex, highly concentrated collo
idal dispersion containing three different protein
types, termed crystallins. In a collaborative project,
we aim at an improved molecular-scale picture of
the interactions in native and recombinant pure
crystallins and their mixtures using solutionand solid-state NMR techniques. We are interested in changes in the secondary structure, the
molecular interactions and dynamics as a function
of concentration. The ultimate goal is to address
the formation of cataract, where we seek to elucidate the role of amyloid formation in this important
disease.
Polymer dynamics in bulk and in
nanoscopic confinement
The fascinating mechanical behavior of long-chain
polymer melts, dominated by transient elasticity
and flow on long timescales, is qualitatively captured by the tube model of polymer dynamics,
which in turn rests upon de Gennes’ famous concept of “reptation” through a mesh of surrounding
chains. We apply advanced proton NMR techniques (sometimes on simple benchtop
spectrometers) to probe the dynamics
of long chains on all relevant timescales, and investigate the origin of
deviations from the tube model predictions. Further work is devoted to
changes in the dynamics under con
ditions of nanoscale confinement, using
channels in anodic aluminum oxide
as matrix. The project is a showcase of
the great potential of low-field NMR.

Fig.:NMR probe of flow properties of polymer melts
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Variational Methods
Fields of Research:

Current Projects and Future Goals:

› Minimal point theorems and variational
principles
› Variational inequalities, regularization
methods, inverse problems
› Lagrange multiplier rules
› Duality theory
› Approximation theory
› Locational analysis

Variational inequalities,
regularization methods, inverse problems
An ill-posed quasi variational inequality with
contaminated data can be stabilized by employing
the elliptic regularization. Under suitable conditions, a sequence of bounded regularized solutions
converge strongly to a solution of the original
quasi variational inequality. Moreover, the conditions that ensure the boundedness of regularized
solutions, become sufficient solvability conditions.
It turns out that the regularization theory is quite
strong for quasi variational inequalities with setvalued monotone maps but restrictive for genera
lized monotone maps. The results are quite general
and are applicable to ill-posed variational inequalities, inverse problems, and split-feasibility
problem, among others. Especially, our methods
can be applied in complex fluids theoretical
polymer physics, like in equilibrium behaviour of
nanostructured polymeric systems and polymer
fluid dynamics.

Variational methods are important tools for deriving optimality conditions and corresponding
algorithms for solving optimization problems.
Ekeland’s variational principle is a deep assertion
about the existence of an exact solution of a perturbed optimization problem in a neighborhood
of an approximate solution of the original problem.
We derive new minimal point theorems in product
spaces and corresponding variational principles.
Furthermore, we are dealing with several applications of the variational principles, especially in
approximation theory and optimal control. In this
context we study variational inequalities, regularization methods and inverse problems.

Variational principles and
equilibrium problems
Variational principles and equilibrium problems
are useful in the study of oxidic interfaces. The
interactions between metals and oxides are key
factors to study the performance of metal/oxide
heterojunctions, especially in nanotechnology,
where the miniaturization of devices down to the
nanostructure leads to a strong increase in the
density of interfaces. One important issue of concern in engineering metal/oxide interfaces is to
understand and control these interactions. This
could be supported by variational methods.
Mathematical methods in economics
Many processes in economics can be formulated
as approximation problem or control problem.
For these problems we derive necessary optimality
conditions, duality assertions and solution procedures. Especially, we study location problems
without convexity assumptions, show optimality
conditions and develop numerical algorithms.
Furthermore, we are dealing with robustness in
locational analysis.
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Fields of Research:

Current Projects and Future Goals:

› Polymer physics
› Crystallization of polymers
› Structure and properties of
nanostructured polymers
› Polymers for organic photovoltaics
› Scattering Methods, Scanning Force
Microscopy, Rheology

Crystallization and structure
formation in polymers
One focus of our research is the crystallization of
polymers and the accompanying process of structure formation. Polymers generally crystallize
incompletely and form semicrystalline materials.
The resulting nanoscopic semicrystalline structure is responsible for many of the properties of
polymer materials. Our aim is to understand and
give a quantitative description of the underlying
molecular mechanisms of crystal nucleation and
crystal growth.

Polymers, i.e. chain molecules are very versatile
materials. Their special mechanical, optical or
electrical properties are at the basis of many diffe
rent applications in which we encounter polymers
in daily life. Also biological matter consists to a
large part of polymers. Due to their macromolecular
character polymers display a variety of typical and
special properties like e.g. viscoelasticity, rubber
elasticity or semicrystallinity. Corresponding to
their typical size in the nanometre range polymers
often form structures on the nanoscale. In our
research we investigate the mechanisms of selforganisation and self-assembly (e.g. microphase
separation or crystallization) which are responsible
for nanostructure formation, develop methods to
produce well defined, nanostructured materials,
and investigate their properties.
For structural analysis we use a variety of scattering
techniques like small angle and wide angle x-ray
and neutron scattering. Grazing incidence techniques are used for thin film characterization.
Scanning force microscopy serves as a complementary tool to image structures on the nanoscale in
real space. The complex mechanical properties of
polymers are studied by mechanical spectroscopy
or rheology.

thomas.thurn-albrecht@physik.
uni-halle.de
http://www.physik.uni-halle.de/
fachgruppen/polymer_physics_group
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Phase Separation in the Melt and Confined
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Microphase Separated Donor−Acceptor Block
Copolymers Macromolecules 46, 4403 (2013)
Yan, T.; Schröter, K.; Herbst, F.; Binder, W.;
Thurn-Albrecht, T. Nanostructure and Rheology
of Hydrogen-Bonding Telechelic Polymers in the
Melt: From Mi-cellar Liquids and Solids to
Supramolecular Gels Macromolecules 47, 2122
(2014)
A.-K. Löhmann, T. Henze, and T. Thurn-Albrecht,
Direct observation of prefreezing at the
interface melt–solid in polymer crystallization,
Proc. Natl. Acad. Sci. USA, 111, 17368- 17372
(2014)

AFM image of the semicrystalline structure
of the semiconductor polymer P3HT

Organic Solar Cells from
Self-Assembling Block Copolymers
An important requirement for polymer materials
to be used in organic solar cells is the controlled
formation of a stable donor-acceptor nanostructure
to optimize charge separation and charge transport. The goal of this collaborative project is to
develop and study the use of self-assembling donoracceptor block copolymers in solar cells. Structure
formation in these materials is studied in order
to gain the necessary understanding for a rational
design of suitable processing steps for solar cell
devices. The electro-optical properties of the resulting materials are investigated with the aim to
understand the physics of solar cell devices based
on the materials developed within the project.
Mechanical properties of
nanostructured polymers
In many applications the desired mechanical
properties of polymer materials are realized by a
nanoscale composite structure which acts as a reinforcing, but partially flexible internal scaffold.
Classic cases are tire materials consisting of
rubber made from polymers and small solid filler
particles forming an aggregate network. Another
interesting example are supramolecular polymers.
In those systems the chain molecules form a micros
copic structure of intermediate stability which
therefore can adapt on a longer timescale to external deformation. We use dynamic mechanical
measurements combined with small angle x-ray
scattering to investigate how the nanoscopic composite structure is related to the special mechanical
properties of such systems.

48_ Nanostructured polymers and soft matter

Institute of Physics

Dynamic Solid-State NMR
Fields of Research:

Current Projects and Future Goals:

› Structure and dynamics of solid polymers
by NMR
› Interaction of carbohydrate and proteins
› Structure-dynamic-property relationship in
Solid-Polymer Electrolytes
› Method development in solid-state NMR

Dynamics in bulk polymers
A number of factors have influence on the practical
applications of the synthetic polymers. For semicrystalline polymers one of the most significant
mechanical properties is macroscopic drawability.
There is evidence that the underlying microscopic
process on the microscopic level is lateral chain
diffusion in the crystallites and that is can be investigated by solid-state NMR in very detail. In
the past, we investigated the helical jumps of the
crystalline stems of a number of polyolefins. Now,
we turned our attention to biodegradable polymers
like poly(lactic acid) and focus in particular on
the effect of different crystalline structures.

Solid materials and in particular polymeric systems
exhibit a astonishing variety of segmental motions
as well as molecular reorientations which have
important effects on mechanical, transport and
optical properties of polymers, the activity of
proteins, the stability of pharmaceuticals, the
transport properties in zeolites, behavior of
amorphous materials near the glass transition,
ion transport in organic and inorganic ionic conductors, and other structural properties of organic
and inorganic systems. Solid-state NMR provides
powerful techniques for elucidating details of
segmental dynamics and local conformation in
solid materials]. These methods allow detailed
studies of dynamics occurring over a wide range
of frequencies and correlate these information on
the microscopic level with structural data as well
as on the macroscopic level with application
properties.
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Dynamic Solid-State NMR data permit the estimation of
helical-jump geometries

Interaction of carbohydrates with
proteins and water
The glassy state of carbohydrates and its interaction
with proteins and water plays an important role
in biostabilization of proteins (a prominent example is the so-called “rose of Jericho”), conservation of medically relevant materials (like blood
reserves) and as coatings for pharmaceuticals. There
is a current deficit of understanding in the molecular mechanism of this interaction. We employ a
number of NMR techniques to study this issue.
Structural model
for protein-watercarbohydrate
interaction at
different pH

Preparation of
well-define
networks by
“click chemistry”

Prof. Dr. Detlef Reichert

Structure-dynamics-properties
relationship in Solid-Polymer Electrolytes
The aim of these studies is a molecular understanding of chain mobility, polymer crystallization
and of the hierarchical structure formation in the
polymer networks made of poly(ethylene oxide).
Besides new fundamental insides into the crystallization process in networks, these networks
might serve as a material for polymer electrolytes.
Thus, the interactions of the polymer chains with
salts will be a future scope of this project.
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› Ab-initio molecular dynamics simulations
› Theoretical spectroscopy
› Disordered condensed-phase systems
› Hydrogen bonding and dynamics in liquids
and proteins in vitro
The microscopic structure of molecular systems
in the condensed phase determines many of the
macroscopic parameters which are characteristic
for the properties of materials.
The molecular structure and dynamics is obtained
on the basis of quantum-mechanical orbitals for the
electronic orbitals. These electronic states represent
covalent chemical bonds, but also non-covalent
interactions. The latter exist in numerous facets:
hydrogen bonds, van-der-Waals interactions and
polarization effects are the most prominent ones
among them. A hydrogen bond between two water
molecules is shown below.

since 2012
Professor for Theoretical Chemistry,
Martin Luther University HalleWittenberg

The following picture illustrates the connectivity
between water molecules in liquid water (one of the
electronic orbitals is also plotted as a complement).

The hydrogen bond network is also the basis for
the conduction of ions (protons in particular)
within aqueous solutions. Below is shown a photo
acid molecule (hydroxyquinoline), which has an
OH group that becomes acidic after an optical excitation of the molecule.
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Principles, ChemPhysChem 9, 2313 (2008)
A. Scherrer, V. Verschinin and D. Sebastiani:
Eigensystem representation of the electronic
susceptibility tensor for intermolecular
interactions within density functional theory,
J. Chem. Theory Comput. 8, 106 (2012)
C. Allolio, M. Sajadi, N.P. Ernsting and D.
Sebastiani: An Ab Initio Microscope: Molecular
Contributions to the Femtosecond
Time-Dependent Fluorescence Shift of a
Reichardt-Type Dye, Angew. Chem. Int. Ed. 52,
1813 (2013)

The Isosurface on the right molecule (the hydrogen
bond acceptor) shows the electronic density of
the lone pairs of the oxygen atom. The color code in
turn represents the displacement of the electronic
charge density due to the hydrogen bond.
These hydrogen bonds form networks in liquid
water, which are responsible for many of the
unique properties of liquid water. In particular,
the fact that water is liquid at ambient temperatures
(despite the low molecular mass) is a direct consequence. Another less obvious property is the density
anomaly around a temperature of 4°C, which is also
due to this network.

The proton moves then on a very fast timescale
(picoseconds) along this “water wire” to the nitrogen atom, which has a more basic character.
Our research activities use large-scale computers
to determine the molecular electronic orbitals for
complex chemical systems, ranging from solutions
as shown above, via supramolecular structures
and self-organizing assemblies up to polymers
and proteins (see below). We place a particular focus on the quant um-mechanical calculation of
spectroscopic signals arising from particular
structural features (and dynamical pro
cesses),
mainly from magnetic resonance spectroscopy
(NMR, EPR), but also IR/Raman/CD.
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Institute of Chemistry

Supramolecular Chemistry and
Liquid Crystals
Fields of Research:

Current Projects and Future Goals:

› Synthesis of polyphilic and bent-core liquid
crystalline materials
› Emergence of complexity in soft self-assembly
› Achiral symmetry breaking
› Phase biaxiality
› Polar order and ferroelectricity
› Thin films and lyotropic systems

Complex nanostructures formed by
polyphilic mesogens
Division of space into distinct subspaces is a central
feature of life as exemplified by cells and organelles. Our goal is to understand the fundamental basic principles of self-assembly of simple
molecules into highly complex LC superstructures. An example is shown in the figure below
where individual molecules form the walls of a
Kagome honeycomb, combining hexagonal and
triangular cylinders which are filled by different
materials. This fluid structure at the nanometer
scale is highly dynamic and therefore has the
ability of self-healing. One of the aims of our
work is to bridge the gap in length scale between
classical liquid crystals and polymers, to understand the common features of self-assembly at
different length scales and to enhance the complexity of the resulting structures.

The liquid crystalline (LC) state of matter provides a
unique combination of order and mobility and thus
represents a basic requirement for self-assembly
and reversible structure formation with self-healing
ability in technical and bio-systems.
Liquid crystals are well known from flat panel
displays and thus represent one of the key components of present mobile communication and
data processing devices, which have changed our
lives considerably. However, there are many other
and new applications in optics, data processing
devices and other fields. For example, the basic
principles of LC self-assembly are presently used
to tailor organic light emitting diodes, photovoltaic
devices, organic field effect transistors and tuneable lasers. Besides these technical applications
there are also numerous biomedical applications
for drug delivery, gene delivery, as sensors and as
promising materials for artificial bones, tissues
and actuators. Moreover, LC structures are essential for life itself, as for example, the cell membranes and the dense packing of DNA in the nucleus
are fundamentally based on LC self-assembly.
Our group deals with the design and synthesis of
new liquid crystalline materials aiming to control
their self-assembly into new complex superstructures and in turns to achieve new functionality
with these materials.

Top: Liquid crystalline Kagome pattern.

Right: Liquid crystal under the
polarizing microscope.

Fast switching devices with biaxial LC phases
New applications and driving schemes of electrooptic devices (e.g. 3D-TV, sequential color displays)
require significantly shorter switching times than
presently possible with present LC display. We
develop and investigate new and faster switching
liquid crystal phases based on specifically designed bent-core molecules.
Achiral symmetry breaking in fluids
Homogeneous chirality (e.g. in proteins, carbohydrates and DNA) is one of the basic features of
life. Spontaneous formation of chiral superstructures in solid-state crystalline materials is also
well documented. However, as we have discovered
recently, even in isotropic liquid and liquid crystalline states – which are fluid - uniform chirality
can emerge spontaneously. We work on the fundamental understanding of these phenomena
and their possible impact on the emergence of
chirality in prebiotic systems.
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Biorelevant materials
and molecules

As living cells are dynamic entities based on the interplay of a multitude of molecules, there is no understanding of biology without the
details of chemistry and physics. The interactions between small mole
cules and proteins or lipid structures thus form the basis for their
molecular design and synthetic preparation. These issues are addressed
experimentally, both in the field of synthetic (preparative) chemistry,
as well as by biomolecular NMR spectroscopy and mass spectrometry.
Additionally, methods of biophysics are used to understand the dyna
mics of protein aggregates and biological membranes.

Functional
solid interfaces

FSI

Nanostructured
polymers and
soft matter

NPSM
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Materials
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BMBF Center for Innovation Competence (ZIK):

HALOmem – Membrane Protein Structure and Dynamics
Budget: 6.7 Mio. €
Funding period: 2009 - 2014

Project Description

State of the Art

The BMBF Center for Innovation Competence HALOmem focuses
on the structure of membrane proteins and their interactions with
the surrounding membrane. Membrane proteins direct and regulate a wide range of essential cellular functions, being responsible
for such diverse process as inter- and intracellular communication,
neurotransmission, transport of nutrients and generation of energy.
Their vital nature is reflected by the fact that up to 70% of current
drug targets are membrane proteins.

Despite the obvious medical importance of membrane proteins,
detailed information about their spatial structure - a prerequisite
for modern rational drug design - is rare. While structure determination of membrane proteins is in principle possible, the production
of sufficient quantities of protein for crystallization or NMR remains
a major hurdle. Another hurdle lies in bringing membrane proteins
into a suitable form for structure determination by crystallography,
NMR or cryo-electron microscopy. Attempts to crystallize membrane
proteins have a much lower rate of success than crystallization of
inherently soluble proteins, because the detergents often prevent
crystal packing. As a result, only around 320 membrane protein
structures are currently known, out of 80000 protein structures
registered in the Protein Data Bank.

Model of solute transport by the
Neisseria meningitidis PorB
membrane protein

Scientific Goals

A major focus of the HALOmem junior group ‘membrane protein
biochemistry’ are membrane proteins in bacteria. Resistance against
antibiotics is an alarming problem. One of the major causes of
antibiotic resistance is mediated by membrane drug resistance
transporters (MDR transporters). A major focus of the HALOmem
junior group ‘biophysical chemistry of membranes’ are eukaryotic
membrane proteins involved in the secretory pathway. Correct
trafficking of cellular components is of vital importance. Mutations
in proteins of the secretory pathway have been linked to diseases.

HALOmem aims to alleviate this problem through systematic
approaches for improving the bottlenecks of membrane proteins
structure determination. The lab of Mikio Tanabe explores a range
of strategies for the recombinant protein expression, crystallization and structure determination of both α-helical and β-barrel
membrane proteins with a particular interest in transporters and
receptors involved in signaling.
The lab of Kirsten Bacia examines interactions between proteins
and lipid bilayers using in vitro reconstitution approaches and
membrane mimetic systems. Reconstituted membrane systems are
characterized by physicochemical and biophysical techniques.
Analysis of dynamic colocalization
in small artificial liposomes by
dual-color Fluorescence
Cross-Correlation Spectroscopy
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Protein crystal for structure determination by x-ray crystallography

Phase separation in giant liposomes,
visualized by confocal fluoresence
microscopy

Membrane sculpting: protein-induced
deformation and hole formation in a
giant liposome

Structure of a membrane protein in the
lipid bilayer

Collaboration Partners

Research Groups

The junior groups collaborate with a number of groups at the MartinLuther University, including those who initiated and supported the
founding of HALOmem:

Junior Research Group Leader “Biophysical Chemistry
of Membranes”
Jun.Prof. Kirsten Bacia
Email: kb@halomem.de
Phone: +49 (0) 345 / 55 24924

• Protein crystallography
Prof. Stubbs, Institute of Biochemistry and Biotechnology,
Martin-Luther University
• NMR and protein dynamics
Prof. Balbach, Institute of Physics, Martin-Luther University
• Solid-state NMR
Prof. Huster, University of Leipzig
• Large scale production of G-protein coupled receptor proteins
Prof. Rudolph†, Institute of Biochemistry and Biotechnology,
Martin-Luther University
• Physical chemistry of membranes
Prof. Blume, Institute of Chemistry, Martin-Luther University
The two HALOmem junior groups collaborate with members of the
Research Training Group GRK 1026, the Research Unit FOR 1145
and the BMBF Innoprofile group Artificial Binding Proteins, headed
by Dr. Sven Pfeiffer.
External colloboration partners include the EMBL in Heidelberg
(Germany), Trinity College Dublin (Ireland), the University of California, Berkeley (USA), the University of Edinburgh (UK), and Osaka
University (Japan).

Junior Research Group Leader “Membrane Protein Biochemistry”
Mikio Tanabe, PhD
Email: mt@halomem.de
Phone: +49 (0) 345-55 24 923

Contact
Center for Innovation Competence HALOmem
Martin-Luther University Halle-Wittenberg
Kurt-Mothes-Str. 3
D-06120 Halle (Saale)
Dr. Ulla Niesbach-Klösgen (scientific coordinator)
Email: unk@halomem.de
Phone: +49 (0) 345-55 24 866
www.halomem.de

The HALOmem interdisciplinary approach to membrane protein structure
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Institute of Chemistry & BMBF Center HALOmem

Biophysical Chemistry
Fields of Research:

Current Projects and Future Goals:

› Structure and dynamics of membrane protein
complexes
› Effects of proteins on membrane morphology
and organisation
› Interactions of synthetic and native
membrane components
› In vitro reconstitution using model
membrane systems, such as giant liposomes
and lipid monolayers
› Cryo-electron microscopy
› Confocal microscopy, fluorescence correlation
spectroscopy, single molecule fluorescence

Membrane systems for research
and applications
We explore methods for preparing artificial membranes for a variety of purposes. Membrane proteins are incorporated into lipid bilayers for functional and structural investigations. We also
prepare vesicles from combinations of natural phospholipids and synthetic polyphiles to obtain ‘hybrid’ membranes with new potentials for biotechnological and pharmaceutical applications and to
study membrane properties imparted by small synthetic molecules or large synthetic polymers.

Membranes fulfill crucial functions in biological
cells. We study the interaction between membranes and proteins, including those that form
an integral part of the membrane and those that
reversibly associate with the membrane. A major
topic is intracellular membrane trafficking: Cells
of higher organisms contain distinct intracellular
reaction compartments which are surrounded by
membranes serving as boundaries. Transport
vesicles enable the transport of cargo between
these compartments. We investigate how these
transport vesicles are formed with the help of coat
proteins, how cargo is sorted into the vesicles and
how the accompanying changes in membrane
morphology are induced (i.e. how a lipid bilayer is
sculptured into a bud shape and how the bud
separates from the donor compartment).
To understand the spatial and temporal interplay
of cellular components in vesicle trafficking on a
mechanistic level, we perform reconstitutions
outside the cell, using a broad range of artificial
membrane systems and proteins that are expressed, purified and labeled with fluorescent
markers. Biological functions are studied by exploiting optical and physicochemical approaches
alongside with biochemical and
molecular biology techniques.
Cryo-electron microscopy and
advan
ced fluorescence microscopy are used to determine structural and morphological consequences. Fluorescence Correlation
Spectroscopy provides quantitative information on molecular
mobility, interactions and dynamic co-localization.

In vitro reconstitution of
intracellular processes
To understand the complex interplay of cellular
components, cellular processes are reconstituted
outside the cell in controllable artificial systems.
Our main focus is the structure and function of
the coat protein complex II (COPII). Our in vitro
reconstituted samples have been the basis for elucidating the structure of the membrane-bound
coat and are used to investigate how cargo sorting
and membrane fission are coordinated and regulated in space and time.
Fluorescence Correlation Spectroscopy
Fluorescence Correlation Spectroscopy (FCS) is a
powerful optical technique that allows to analyze
the dynamics and molecular interactions of selected molecules in reconstituted systems and
even inside living cells. We optimize fluorescence
fluctuation analysis for our systems of interest.
For example, procedures for analyzing and correcting artifacts in dual-color Fluorescence
Cross-Correlation Spectroscopy and for analyzing reactions with complex binding stoichiometries are developed and validated.

Giant hybrid vesicle (diameter: 50 µm)

Prof. Dr. Kirsten Bacia
1999
Master in Biophysics (The Johns
Hopkins University, Baltimore, USA)
2001
Diplom in Biochemistry
(University of Hanover, Germany)
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(MPI-BPC, Göttingen; MPI-CBG,
Dresden; BIOTEC, Dresden, Germany)
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Dr. rer. nat., University of Dresden
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Junior Group Leader, from 2012 Junior
Professor, Martin Luther University
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Professor (W2) of Biophysical
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Contact
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Selected publications:
Werner S, Ebert H, Lechner BD, Lange F, Achilles
A, Bärenwald R, Poppe S, Blume A, Saalwächter
K, Tschierske C, Bacia K, Dendritic Domains with
Hexagonal Symmetry Formed by X-Shaped
Bolapolyphiles in Lipid Membranes, Chem.
Eur. J. (2015), DOI 10.1002/chem.201405994
Daum S, Krüger D, Meister A, Auerswald J,
Prinz S, Briggs JA, Bacia K, Insights from
reconstitution reactions of COPII vesicle
formation using pure components and low
mechanical perturbation, Biol Chem (2014),
DOI 10.1515/hsz-2014-0117
Simeonov P, Werner S, Haupt C, Tanabe M,
Bacia K, Membrane Protein Reconstitution into
Liposomes Guided by Dual-Color Fluorescence
Cross-Correlation Spectroscopy, Biophys.
Chem. (2013), DOI 10.1016/j.bpc.2013.08.003

Cryo-electron microscopy image of
COPII-coated membrane tubules,
derived from giant unilamellar vesicles

Zanetti G, Prinz S, Daum S, Meister A, Schekman
R, Bacia K, Briggs JAG, The structure of the
COPII coat assembled on membranes, eLife
(2013), DOI 10.7554/eLife.00951
Schulz M, Werner S, Bacia K, Binder WH,
Controlling Molecular Recognition with Lipid/
Polymer Domains in Vesicle Membranes,
Angewandte Chemie Intern. Ed. (2012), DOI
10.1002/anie.201204959
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Kumar, A., Gopalswamy, M., Wishart, C.,
Henze, M., Eschen-Lippold, L., Donnelly, D.,
Balbach, J. (2014). N–terminal Phosphorylation
of Parathyroid Hormone (PTH) Abolishes its
Receptor Activity. ACS Chem. Biol., im Druck.

Fields of Research:

Current Projects and Future Goals:

› High-resolution NMR spectroscopy
› Structural biology of proteins
and nucleic acids
› Biophysics of protein folding
› Misfolding of biopolymers
› Dynamics and function of proteins
› Membrane and repeat proteins

Protein folding and biophysical methods
The gain of Gibbs free energy (∆G) drives the
protein folding reaction towards the native, biologically active state. Several thermodynamic
parameters including the temperature, the chemical potential, or the pressure change ∆G and thus
induce un- or refolding. Various equilibrium and
kinetic experiments have been developed to elucidate the molecular folding mechanism of model
proteins. For several proteins, we could solve the
folding mechanism and found a direct link to the
respective biological function. Recently, we built
an NMR high pressure device for protein investigations up to 200 MPa to gain a comprehensive
molecular understanding of the thermodynamics
of protein folding and protein interactions.

Proteins and nucleic acids are the biopolymers,
which control all processes in living systems.
Their function is closely related to their molecular structure. Our group uses high resolution
NMR spectroscopy in combination with protein
crystallization and various biophysical methods
(including absorption, fluorescence, CD, and singlemolecule spectroscopy) to investigate the structure,
dynamics, and function of these biomacromolecules as well as functionally relevant interactions
with other proteins, nucleic acids, low molecular
substrates, metal ions and lipids/membranes.
Our time-resolved biophysical tools are employed
to follow the self-assembly process of the protein
chain towards its 3 dimensional structure, called
protein folding. We are interested in the fundamental and polymer physical principles driving
the protein folding reaction. Many protein misfolding events are closely related to severe diseases
and therefore, we investigate in vitro aggregation
prone proteins and their dysfunction.

Disease related proteins
We investigate the structural biology of several
human proteins mainly by NMR spectroscopy
including G-protein coupled receptors and growth
factors, ankyrin repeat proteins, insulin, and membrane remodelling proteins, which are involved in
the respective diseases of osteoporosis, skin cancer,
diabetes, and muscle dystrophies. We will extend
our studies now to repeat proteins and transcription factors of plants, involved in plant pathology
and the auxin metabolism.
Fibril forming proteins
Protein folding of soluble, globular proteins is
dominated by intramolecular interactions, whereas
protein aggregation and fibril formation is dominated by intermolecular interactions between individual peptide and protein chains. The goal is to
understand the fundamental, polymer physical
principals of fibril formation, because the final
cross beta structure of protein fibrils is very uniform and mostly independent from the primary
protein sequence. Peptides and proteins under
current and future investigations include the Alzheimer peptide A-beta, insulin, poly(A) binding
proteins, human eye lens crystalins, and the
parathyroid hormone.

Reich, S., Kovermann, M., Lilie, H., Knick, P.,
Geissler, R., Golbik, R., Balbach, J., Behrens,
S.-E. (2014). Initiation of RNA synthesis by
the hepatitis C virus RNA-dependent RNA
polymerase is affected by the structure of the
RNA template. Biochemistry, im Druck.
Thieme, T., Patzschke, R., Job, F., Liebold, J.,
Seemann, P., Lilie, H., Balbach, J., Schwarz, E.
(2014). Biophysical and structural
characterization of a folded core domain of
the proregion of Growth and Differentiation
Factor-5 (GDF5). FEBS Lett., im Druck
Löw, C., Quistgaard, E.M., Kovermann, M.,
Anandapadamanaban, M., Balbach, J.,
Nordlund, P. (2014). Structural basis for PTPA
interaction with the invariant C-terminal tail
of PP2A. Biol. Chem., 395, 881-889.
Hacke, M., Gruber, T., Schulenburg, C.,
Balbach, J., Arnold, U. (2013). Consequences of
proline-to-alanine substitutions for the
stability and refolding of onconase. FEBS J.,
280, 4454-4462.
Kovermann, M., Balbach, J. (2013). Dynamic
control of the prolyl isomerase function of the
dual-domain SlyD protein. Biophys. Chem.,
171, 16-23.

Protein structure of the metallochaperone SlyD

Time-resolved
fluorescence
spectroscopy during
protein refolding
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Institute of Chemistry

Biophysical Chemistry
Fields of Research:

Current Projects and Future Goals:

› Interaction of synthetic model peptides with
lipid monolayers and lipid vesicles
› Interaction of detergents with lipid vesicles
› Self-assembly of single-chain bolaamphiphiles
in water
› Interaction of polyphilic block-copolymers
with lipid monolayers and bilayers.
› Lyotropic behaviour of low molecular weight
polyphilic molecules and their interaction
with lipid monolayers and bilayers

Interactions of peptides with different
sequences and bearing modified amino acids
with bilayer membranes and monolayers.
he interaction of amphipathic linear and cyclic
peptides with lipid monolayers and bilayers is investigated. Incorporation of non-natural amino
acids into peptides and changes in the distribution of charged amino acids can lead to changes
in the binding to membranes and can enhance
the permeabilization of membranes. These studies are relevant for the development of new peptide antibiotics. The investigations focus on the
contributions of electrostatic and hydrophobic
effects to the binding constant.

Amphiphilic molecules combine two incompatible
chemical structures in one molecule, namely hydrophobic parts and hydrophilic moieties. When
dissolved in water, amphiphilic molecules form a
variety of aggregate structures, namely micelles,
lamellar, hexagonal, or cubic lyotropic phases,
where the surface of the aggregate structures is
covered by the polar headgroups of the amphiphilic
molecules minimizing the exposure of hydrophobic
groups. Lipid bilayer structure as unilamellar or
multilamellar vesicles serve as models for biological membranes.
In bipolar amphiphilic molecules, two hydrophilic
groups are connected by long hydrophobic spacers.
Polyphilic molecules carry the concept of amphiphilicity one step further in that not only hydrophobic and hydrophilic moieties are incorporated
into the structure but also fluorinated parts.
Our group investigates the interactions of biological relevant amphipathic peptides with lipid model
membranes, new aggregate structures formed by
different bolaamphiphiles, as well as the interaction of low molecular weight and polymeric
polyphilic molecules with lipid bilayer membranes
and lipid monolayers, using a variety of physicochemical methods, such as microcalorimetry, IRspectroscopy, fluorescence spectroscopy, rheology,
and monolayer techniques.

Aggregate structures of bola-amphiphiles.
Mixing with membrane lipids.
Bolaamphiphiles can form nanofibers with dia
meters of approximately the length of the bolalipid leading to the formation of hydrogels where
the fibers are entangled and cross-linked by hydrophobic interactions. The fibers break apart
into micellar-like aggregates upon heating. Bolaamphiphiles can also be mixed into bilayer
forming lipids. In this case strategies are deve
loped to enhance the physical stability for
liposomes by incorporation of bolalipids for
applications in drug delivery systems.
Interactions of polyphilic molecules with
membranes
The interaction of polyphilic molecules, such as
block-copolymers or low molecular weight poly
philic compounds with lipid model membranes
and monolayers are studied. The goal of this project is the characterization of the interactions of
polyphilic molecules with lipid monolayers and
bilayers and the investigation of the new aggregate structures formed by complexes of lipid with
polyphilic molecules, for instance, the formation
of bicellar-like structures.
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Scheme for double- and single-chain bolalipids and the
aggregation to helical nanofibers.

Fluorescence micrograph of domains in
a lipid-blockcopolymer-monolayer

A. Arouri; et al. Peptide induced demixing in
PG/PE lipid mixtures: a mechanism for the
specificity of antimicrobial peptides towards
bacterial membranes? Biochim. Biophys. Acta
2009, 1788, 650-659.
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Fields of Research:

Current Projects and Future Goals:

› Stereoselective synthesis of bioactive
natural products
› Chemoenzymatic transformations
› Antitumor, antiviral and antimicrobial
active compounds
› Triggering of apoptosis in tumor cells and
tumor stem cells
› Novel materials for OLEDs and photovoltaics
› Ancient dyes and colorants

Natural product derived antitumor active
compounds
The extraordinary chemical diversity encompassed by natural products continues to be of rele
vance to drug discovery. Thus, natural products
have historically been invaluable as a source of
therapeutic agents. The occurrence of natural
products as a complex presents a challenge to
their development of drugs. Therapy of cancer by
inducing programmed cell death (apoptosis) is in
the focus of scientific research. In cancer cells
sensitivity towards apoptosis is reduced which
ultimately leads to inappropriate cell survival
and malignant progression. These problems can be
addressed by developing mitochondria-targeted
drugs, e.g. by structural modifications of pentacyclic triterpenes.
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S. Sommerwerk et al. Convenient and
chromatography-free partial synthesis of
maslinic acid and augustic acid, Tetrahedron
Lett. 2014, 55, 5156-5158.
R. Csuk, Betulinic acid and its derivatives: a
patent review (2008-2013), Expert Opinions
Therapeut. Patents 2014, 24, 913-923.
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The evolution of complex life is strictly dependent
on mitochondria found in all complex cells. Mitochondria fuel the metabolic reactions that create
and maintain all other structures of a cell. Cancer
is one of the most feared diseases. These diseases
can be treated, however, by inducing programmed
cell death (apoptosis). Mitochondria-targeted
drugs my induce apoptosis and overcome problems of drug resistance. Pentacyclic triterpenes
and their derivatives are useful candidates to
reach these aims.
Our group possesses a long-term experience in
the chemistry of natural products, especially of
carbohydrates and terpenes. An additional highlight is the synthesis of functionalized natural
products and their biologically active analogs
using biocatalytic reactions as well as advanced
catalytic processes to perform reactions with
high region-, enantio- and diastereoselectivity
using mild reaction conditions.
The minimization of wastes in order to solve
problems in the fields of chemistry and ecology is
mandatory.

B. Siewert et al., Towards cytotoxic and
selective derivatives of maslinic acid, Bioorg.
Med. Chem. 2014, 22, 594-615.
P. Pistor et al., Monitoring the phase formation
of coevaporated lead halide perovskite thin
films by in situ-X-ray diffraction, J. Phys. Chem.
Lett. 2014, 5, 3308-3312.

Novel materials for OLEDs
An OLED (organic light emitting diode) based
displays can be thinner and lighter than liquid
crystal displays (LCDs), and in low ambient light
conditions an OLED based display will achieve
higher contrast ratios than a LCD. Highly sophisticated reactions are used to access novel materials
for an application in OLEDs as well as for photovoltaic purposes.
Ancient dyes and colorants
The chemical analysis of ancient dyes and colorants (on complex natural organic polymers, e.g.
silk or wool) has rarely been conducted. Investigation of samples (textiles, leather, …) from the
tomb of Editha (910-946, Magdeburg) and from
the prehistoric Tufan site (Shanshan/PR China,
ca. 1000 BC) are performed in order to gain
insights in ancient techniques of dying, the ageing
of colorants and their complex polymeric carrier
materials/scaffolds as well as to develop non-
radioactive methods for age-dating.

A. Kramell et al., Dyes of the late bronze age
textile clothes and accessories from the Yanghai
archaelogical site, Turfan, China, Quat.
Intern. 2014, DOI: 10.1016/j. quaint.2014.05.012.

Acridine Orange / Ethidium bromide staining of
apoptotic tumor cells

Fragment of silk from Editha’s tomb
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Institute of Mathematics

Analysis – Function Theory
Fields of Research:

Current Projects and Future Goals:

› Geometric function theory
› Conformal and quasiconformal mappings
› Applications of conformal and
quasiconformal mapping
› Eigenvalue problems
› Brownian motion

Isoperimetric inequalities for eigenvalues
Conformal maps are a powerful tool for solving
eigenvalue problems in the plane. Sometimes one
is interested in isoperimetric inequalities, sometimes one looks for approximate methods in order
to obtain upper and lower bounds. One of the basic
ideas in both problems is to transform conformally
the problem to a simpler geometric configuration
this method is called conformal transplantation.
We are dealing with isoperimetric inequalities
especially for sums of reciprocal eigenvalues. A
start point in this topic is a result given by Polya
and Schiffer 1954 using convexity arguments.
The aim is to prove analogous inequalities for
other kinds of eigenvalue problems.

Historically Geometric Function Theory means
the theory of conformal mappings, mappings
induced by holomorphic functions, which are
univalent ( (1,1) ). A first corner stone was the
Riemann mapping theorem it was stated by B.
Riemann 1851 and first rigorously proved by P.
Koebe 1910 that every simply connected plan domain (except for the whole plane) can be mapped
(1,1) conformally onto the unit disk. Riemann’s
Theorem enables many problems in general domains to be reduced to problems in the unit disk.
The Geometric Function Theory was essentially
extended by the mapping theorems for multiply
connected domains and the theory of quasiconformal mappings in the plane and in the space.
Today Geometric Function Theory is a living subject
and has undergone much developments in recent
decades, a powerful tool in order to attack problems of other fields of mathematics, a subject in
which surprisingly new questions continue appear
sometimes with old roots according with the
remark given by P. Koebe “Konforme Abbildung
ist immer modern.”
There are a lot of applications of Geometric Function Theory in mathematical physics, for example
in electrostatics, magnetostatics, elasticity , fluid
dynamics and statistical physics.
We are working in the theory of conformal and
quasiconformal mappings and use this theory for
solving problems in other fields of mathematics,
for example to get isoperimetric inequalities for
eigenvalue problems. Since ancient times it has
been known that among all plane domains of
given area the circle has the smallest circumference. This extremal property is expressed in the
classical isoperimetric inequality. In their famous
book Isoperimetric Inequalities in Mathematical
Physics, Polya and Szegö extended this notion to
domain functionals, provided that the equality
sign is attained for some domain.
A number of two-dimensional lattice models in
statistical physics have continuum limits that are
conformally invariant. For example, the limit of
simple random walk is Brownian motion. This is
another field of our activities.

Brownian motion
Maximum principles for the expectation of the
lifetime of Brownian motion is another field of
our activities. The goal is to prove or disprove
maximum principles for the expectation of the
lifetime of Brownian motion.

Prof. Dr. Bodo Dittmar
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PhD in Geometric Function Theory
(Martin Luther University HalleWittenberg)
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Habilitation (Martin Luther University
Halle-Wittenberg)
1992
Professor (C3) College of Education
Halle-Köthen (PH Halle-Köthen)
Since 1993
Professor (C3) Martin Luther
University Halle-Wittenberg
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bodo.dittmar@mathematik.
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www.mathematik.uni-halle.de
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B. Dittmar. Sums of reciprocal eigenvalues of
the Laplacian. Math. Nachr. 237 (2002), 45 – 61.
B. Dittmar. Sums of reciprocal Stekloff
eigenvalues. Math. Nachr. 268 (2004), 44 - 49.
B. Dittmar. Eigenvalue problems and
conformal mapping. In: R. Kühnau (ed.),
Handbook of Complex Analysis, Vol. II,
Elsevier Science Amsterdam 2005, 669 - 686.
B. Dittmar. Sums of free membrane
eigenvalues. J. d’ Anal. Math. 95 (2005),
323 - 332.
B. Dittmar. Local and global maxima for the
expectation of the lifetime of a Brownian
motion on the disk. J. d’ Anal. Math. 104
(2008), 59 - 68.
B. Dittmar. Free membrane eigenvalues.
Zeitschr. f. Angew. Mathem. u. Physik. 60
(2009), 565 - 568.
B. Dittmar. Maxima for the expectation of the
lifetime of a Brownian motion in the ball.
Complex Analysis and Oper. Theory (to appear).
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Selected publications:
F. Mai, M.A. Glomb, Lettucenin sesquiterpenes contribute significantly to the browning
of lettuce, J. Agric. Food Chem. (2014),
62: 4747-4753.
T. Heymann, L. Westphal, L. Wessjohann,
M.A. Glomb, Growing and processing
conditions lead to changes in the carotenoid
profile of spinach, J. Agric. Food Chem. (2014),
62: 4969-4967.

Fields of Research:

Current Projects and Future Goals:

› Non-enzymatic browning, Maillard Reaction
› Enzymatic browning
› Isolation and characterization of food
ingredients
› Synthesis of target compounds
› Analytical and preparative chromatography

Controlling Maillard Reaction Pathways
Novel mechanistic pathways leading to defined
protein modifications can be used to tailor generate
foods of explicit properties. Ideally this method
of controlling Maillard reactions only involves
traditional preparation techniques without the
need for artifical additives or flavorings. It can
also be used to generate technical products based
on targeted modification of biopolymeres, e.g.
gelatine. As Maillard reactions also proceed in
the human body, this knowledge will further help
to understand the late complications of e.g. diabetes and aging, and might also help to develop a
cure for related pathologies.

The term non-enzymatic browning or Maillard
reaction describes the amine catalyzed degradation of reducing sugars. Although the reaction in
general has been known for a long time, reactive
intermediates and major reaction pathways still
remain to be uncovered. Our group lately established all relevant α-dicarbonyl structures within
the degradation of hexoses, di- and oligosaccharides, and of ascorbic acid. Knowledge of these
compounds is prerequisite to understand the complex Maillard chemistry. Hydrolytic β-dicarbonyl
and oxidative α-dicarbonyl cleavage were found
as the major degradation routes to explain almost
all fragmentation products. In addition, these
mechanisms were also established to lead to a new
class of Advanced Glycation Endproducts with
amide structure.
In contrast, enzymatic browning involves oxidation
of polyphenols and follow-up non-enzymatic reactions as oxidative coupling and polymerization.
We were able to elucidate the major chemical
pathways during fermentation of rooibos tee including the formation of tannine-like colored
structures. Here different to the flavanol based
chemistry of black tee, the dihydrochalcon aspalathin was identified as the key polyphenolic compound.
As a general approach of our work group target
structures are either isolated from foods or synthesized independently. Authentic materials can
then be used in independent model incubations
to clarify novel reaction pathways on a molecular
basis.

M. Smuda, M.A. Glomb, Maillard degradation
pathways of vitamin C, Angew. Chem. Int. Ed.
(2013), 52: 4887-4891.
T. Heinrich, I. Willenberg, M.A. Glomb,
Chemistry of color formation during rooibos
fermentation, J. Agric. Food Chem. (2012),
60: 5221-5228.
Ch. Henning, M. Smuda, M. Girndt, Ch. Ulrich,
M.A. Glomb, Molecular basis of Maillard
amide-AGE formation in vivo, J. Biol. Chem.
(2011), 286: 44350-44356.

Degradation of Ascorbic Acid: 75% of the Maillard
degradation of ascorbic acid can be explained by oxidative
α-fragmentation (31%), β-cleavage (32%), and decarboxylation
from hydrate/hemiaminal intermediates (12%), which lead to
carbonyl and dicarbonyl compounds, carboxylic acids, and amide
Advanced Glycation Endproducts

Mechanisms of Enzymatic Browning
The knowledge of the chemical basis of enzymatic
browning will be extended to other foods. We
have identified the major brown chromophores in
cut salat, a convenient preparation found in todays
food markets. Interestingly in this case, enzymatic degradation is based on the modification of
bitter components rather than that of polyphenols.
This opens new insights to alternative reaction
pathways and to new strategies to prevent unwanted browning of vegetables.
Secondary Plant Products
The knowledge of plant ingredients is not only
relevant to create Novel Foods of physiologically
positive value, it can also be used to verify statements of authenticity. According claims on product
labels immediately influence consumers purchasing
behaviour. Hence, secondary plant products are
currently screened as useful probes within this
context. In first investigations the isomerization
profile of carotenoids was used to distinguish bet
ween greenhouse and field grown tomatoes and
spinach.
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Analytical Chemistry of
Environmental Processes
Fields of Research:

Current Projects and Future Goals:

› Technical and natural occurring sorbents
› Environmental fate of organic pollutants
› Bioaccumulation of organic pollutants
› Physico-chemical properties of
perfluorinated chemicals
› Predictive methods for equilibrium
partitioning

Bioaccumulation
The assessment of the bioaccumulation potential
of organic chemicals is part of the chemical legislation in all industrialized countries. Currently,
this assessment is based on the assumptions that
a) organic chemicals only accumulate in lipids,
and b) that the octanol-water partition coefficient
can be used to estimate this partitioning to lipids.
However, this approach neither applies to terrestrial food chains, nor does it work for compounds
that accumulate in proteins. It is also meaningless for ionic compounds. In order to close these
gaps we have set out to develop a systematic and
comprehensive understanding of the equilibrium
partitioning of a broad range of organic chemicals
into membrane lipids, storage lipids, structure
proteins and serum albumin.

Today a huge number of man-made and naturally
occurring chemicals exist that are of environmental concern. This includes organic chemicals, their
metabolites and complex mixtures. To protect
the environment, we need detailed knowledge
about such chemicals – their physical and chemical
properties, their fate in the environment, their
exposure and toxic effects. A thorough understanding of the environmental fate of organic
pollutants has numerous applications: it is required for the registration of chemicals by the
authorities, it is a prerequisite for remediation or
prevention of environmental contaminations, it
helps in the design of environmental monitoring
strategies and it allows for the development of
optimized analytical methods.
The goal of our group is an improved understanding
of all those transport an partition processes that
affect the fate of organic chemicals in the environment. We aim for an integrative view that
considers the physico-chemical properties of the
chemicals just as well as the environmental conditions that can largely vary in space and time. To
this end we combine experimental work in the lab
with various modelling approaches.

PBPK modelling
The results of our experimental work on biopar
titioning of organic chemicals will be also be used
in a PBPK (physiologically based pharmacokinetic)
modelling approach in order to elucidate the relative importance of different processes (equilibrium
partitioning, transport kinetics and metabolism).
This modelling will provide us with concentration
profiles of the chemicals in all organs and can be
used to better analyse epidemiological surveys and
toxicological studies. The PBPK modelling results
are also useful in assessing the occupational exposure to hazardous chemicals.
Ionic organic chemicals
There are numerous commercial organic chemicals
that can carry a negative or positive charge under
environmental conditions (e.g. various pharmaceuticals, pesticides and surfactants). This charge
has a substantial impact on the sorption behavi
our of these compounds. Mineral surfaces as well
as the humic material in soils and sediments typically are negatively charged. Consequently, the
cationic form of an organic chemical often sorbs
stronger in soils and sediments than its neutral
species while anionic species sorb less strongly. In
a current project we try to develop a general model
to predict sorption of ionic organic compounds in
soils and sediments based on a large experimental
data set measured in the lab under systematically
varied conditions.

Prof. Dr. Kai-Uwe Goss
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M. Endo and K.U. Goss (2011). Serum Albumin
Binding of Structurally Diverse Neutral Organic
Compounds: Data and Models.
Chem. Res. Toxicol.: DOI: 10.1021/tx200431b
S. Endo, B.I. Escher, and K.U. Goss (2011).
Capacities of Membrane Lipids to Accumulate
neutral Organic Chemicals. Environ. Sci.
Technol., 45: 5912-5921.
K.-U. Goss (2011). Predicting Equilibrium
Sorption of Neutral Organic Chemicals into
Various Polymeric Sorbents with COSMO-RS.
Analytical Chemistry, 83: 5304.
M. Schneider and K.-U. Goss (2009).
Systematic investigation of the sorption
properties of Tenax TA, Chromosorb 106,
Porapak N and Carbopak F. Analytical
Chemistry 81: 3017-3021
K.U. Goss (2009). Predicting Adsorption of
Organic Chemicals at the Air-Water Interface.
Journal of Physical Chemistry A, 113: 12256-12259.
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Selected publications:

Fields of Research:

Current Projects and Future Goals:

› Structure formation in synthetic and biological
soft matter by non-covalent interactions
› Biological and synthetic molecular transporters
› Intrinsically disordered proteins
› Stimuli-responsive polymeric materials
› Structure formation in liquids; solvation
› Method development in electron paramagnetic
resonance (EPR/ESR) spectroscopy

Structure & Dynamics of Intrinsically
Disordered Proteins and Their Complexes
Intrinsically disordered proteins (IDPs) lack defined tertiary and often secondary structure but
fulfill essential tasks in eukaryotic life. It is their
structural flexibility that allows IDPs to adapt to
and to interact with different binding partners,
making them suited for functioning as hubs bet
ween several interaction partners. However, this
dynamic nature makes IDPs difficult to analyze.
We tackle the complexity of characterizing a dynamic structural ensemble with EPR spectroscopy,
combined with NMR spectroscopy or IR-based
techniques and obtain unique insights into a wide
variety of IDPs.

Biological and synthetic soft matter has a remark
able ability to self-assemble into larger, complex
and even functional structures solely using noncovalent interactions (e.g. electrostatic and hydrophobic forces). Dariush Hinderberger’s research
group uses electron paramagnetic resonance (EPR)
spectroscopy as its main research tool to study
soft matter from the underlying fundamental interactions to more applied questions. Research in
the group currently has a focus on solvation and
self-assembly of small molecules (e.g. in aqueous
solutions or ionic liquids), on complex biomedical
questions (e.g. abundant transport proteins such as
albumin or intrinsically disordered proteins (IDP),
and applications such as understanding interactions and dynamics of transported molecules in
thermoresponsive polymers for drug delivery.
EPR spectroscopy is a magnetic resonance method
that is sensitive to molecular motions from the
pico- to microsecond regime and to distances bet
ween 0.1 and ~8 nanometers.
EPR is complemented by other methods of physical
investigation like NMR and IR spectroscopy, electron microscopy, atomic force microscopy (AFM),
and dynamic light scattering (DLS), and by synthetic chemistry, which allows a unique approach
to study these classes of complex materials.

D. Kurzbach, T. C. Schwarz, G. Platzer, S. Höfler,
D. Hinderberger, R. Konrat, Compensatory
Adaptations of Structural Dynamics in an
Intrinsically Disordered Protein Complex,
Angew. Chem. Int. Ed. 53, 3840–3843 (2014)
J. Reichenwallner, D. Hinderberger, Using Bound
Fatty Acids to Disclose the Functional Structure
of Serum Albumin, Biochim. Biophys. Acta Gen.
Sub. 1830(12), 5382-5393 (2013)
D. Kurzbach, W. Hassouneh, J. R. McDaniel, E. A.
Jaumann, A. Chilkoti, D. Hinderberger, Hydration
Layer Coupling and Cooperativity in Phase
Behavior of Stimulus Responsive Peptide
Polymers, J. Am. Chem. Soc. 135, 11299-11308
(2013)
D. Kurzbach, M. J. N. Junk, D. Hinderberger,
Nanoscale inhomogeneities in thermo- responsive polymers, Macromol. Rap. Comm. 34,
119-134 (2013).
M. J. N. Junk, H. W. Spiess, D. Hinderberger, The
Distribution of Fatty Acids Reveals the
Functional Structure of Human Serum Albumin,
Angew. Chem. Int. Ed. 49, 8755-8759 (2010)

Structural and Dynamic Ensemble
of the IDP Osteopontin

The Nanoscale of Responsive Polymers
With simple continuous wave (CW) EPR spectroscopy on amphiphilic spin probes we have discovered
that thermoresponsive polymeric systems show
nano-inhomogeneities in structure und reactivity.
These nano-inhomogeneities can be static on an
EPR timescale (>~1ns), or dynamic (<~1ns) and
can basically be found in all kinds of synthetic and
biological thermoresponsive polymers.
Serum Albumin Revisited
Human serum albumin (HSA) is a versatile transport protein for various endogenous compounds
and drugs in the human blood. It is the major
transport protein for fatty acids (FA) in the circulatory system. We have devised a new EPR spectroscopic approach to gain information on the
functional structure of serum albumin in solution
in a “coarse-grained” manner from the ligands’
point of view. The functional solution structure
of HSA has remarkably been found to have a much
more symmetric distribution of entry points to
the FA binding sites than expected from the crystal
structure, indicating increased surface flexibility
and plasticity for HSA in solution.
Going beyond fundamental structural studies,
our research platform is also excellently suited
for general studies of protein-solvent interactions,
temperature effects and ligand binding.
Biological and Synthetic Soft Matter
Using our unique approach to soft matter, we
ultimately aim at exploring and understanding
structuring and dynamic principles underlying
both, biological and synthetic soft matter, that
increasingly are found to constitute two sides of
the same coin.
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Environmental Chemistry
Fields of Research:

Current Projects and Future Goals:

› Investigations on the occurrence and
behavior of organic pollutants
(Chlorinated hydrocarbons, synthetic musk
compounds) in the environment
› Detection of pharmaceuticals in surface waters
› Occurrence of xenobiotics in indoors
(Phthalates, bominated flame retardants,
biocides, polycyclic aromatic hydrocarbons)
› Development of innovative methods of sample
enrichment in environmental and food analysis
› Waste water treatment with modified polymers
› Studies on the importance of lipids in
metabolic processes

Indoor chemicals
and new analytical methods
For the examination of house dust a liquid chromatography method equipped with a UV-detector
and electro spray-tandem mass spectrometry can
be used to achieve reliable result. With an external
calibration for BDE-209, an internal calibration
for TBBPA, and a standard addition method for
HBCD low limits of quantification were obtained.
The analytical procedure was carried out under
exclusion of UV-light. Empirical data were obtained in addition to the dust samples to estimate
potential influences of apartment characteristics.
Significant differences between dust samples
collected in British or US-American households
compared to those originating from Germany
were gained by evaluating the samples.

The main objective is to create simple and robust
analytical methods to analyze xenobiotics like
flame retardants, chlorinated hydrocarbons,
phthalates, biocides and polycyclic aromatic hydrocarbons in selected environmental compartments
in order to estimate the degree of contamination.
The aspects of analytical quality control have to
be integrated into all steps of method development. Experiments with factorial design have to
be applied to estimate the potential influence of
the main analytical steps. Furthermore, the specific
characteristics of environmental samples should
be correlated with the analyzed data both by
means of F- and t-test and using analysis of variance (ANOVA).

LC/MS/MS (API 2000, Applied Biosystems)

Chlorinated hydrocarbons
in contaminated sites
The Bitterfeld region was influenced by the chemical
industry since the beginning of the 19th Century.
Several produced pesticides like lindane, 4,4 ‘-DDT
and hexachlorobenzene with the resulting byproducts, as well as the polychlorinated biphenyls
are of great relevance. The samples are from an
area in close proximity to the industrial park in
Bitterfeld-Wolfen. In samples from the upper soil
layers, 3 km away from the industrial park, maximum levels of 3 mg/kg are detectable. At a depth
of one meter 12 mg/kg were determined. Investigations of the load path “food chain” are not yet
completed.
Lipids in metabolic processes
Studies on cell cultures of bovine and human
lenses showed the cytotoxic potential of free
cis-unsaturated fatty acids. This toxicity could be
reduced or even eliminated by albumin. Damage
to the lens epithelium may cause clouding of the
lens, called cataract. Part of cataract research
therefore is to elucidate the molar fatty acid/
albumin ratio of healthy subjects and cataract
patients. For this purpose it is necessary to develop
an analytical method which enables the differentiated quantification of free fatty acids in human
aqueous humor with a sample volume of only 25
µL and an expected very low lipid content.
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M. Bunge et al. Reductive dehalogenation of
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Nature (2003), 421: 357-360.
R. I. Zhdanov et al. Nature of DNA-bound fatty
acids in Pseudomonas aurantiaca, FEMS
Microbiol Lett. (2006), 265: 151-158.
M. Abb et al. Phthalates in house dust.
Environment International (2009), 35: 965-970.
J. Blaško et al. Fatty acid composition of
summer and winter cow´s milk and conjugated
linoleic acid content in produced butter, Journal
of Food and Nutrition Research (2010), 49/4:
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M. Abb et al. Analysis of pesticides and PCBs in
waste wood and house dust. Chemosphere
(2010), 81: 488-493.
F. Kolbe et al. Remobilization of pentavalent
antimony and vanadium from a granular iron
hydroxide material – A comparative study of
different leaching systems, Talanta (2011), 85:
2089-2093.

GC/MS, (MSD 5972, 5973, Hewlett Packard)
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Chem. Soc. (2010) 131:3721-3732.
L. A. Wessjohann et al. Multiple multicomponent macrocyclizations (MiBs): A strategic
development toward macrocycle diversity,
Chem. Rev. (2010) 109:796-814.

Fields of Research:

Current Projects and Future Goals:

› Biologically active natural products and
metabolomic profiling
› Total synthesis and medicinal chemistry
› Multi-component reactions , rapid synthesis,
and peptoids
› Biotransformations
› Chemoinformatics

Isolation and synthesis of
bioactive compounds
Plants and fungi are prominent producers of bio
active molecules. We develop new methods for the
discovery of active ingredients with a current emphasis on anticancer drugs, fungicides, and taste
modulators. This work often is done in close coope
ration with international partners in South-East
Asia, Arabia, Latin America and Africa, and with
industrial partners. Based on the natural lead
structures, we develop total synthesis routes to
the natural product and its derivatives. In order to
optimize the desired properties and to understand
the drug-protein interaction, we integrate the
chemical research with biochemical or biological
assays and computational methods like molecular
modelling or bioinformatics. As an example, we
recently synthesized and patented new peptides
with picomolar cytotoxicity, i.e. they belong to the
most active anticancer compounds known to date.

Our research focuses on the identification and
understanding of small molecules and their effects
within biological systems, and on the application
of such compounds to probe and modify biological
systems monitored by bioassays, computational,
metabolomic and proteomic techniques.
Three main lines of research are followed to achieve
this: (1.) We try to learn from nature’s chemistry
through both elucidation of natural structures as
well as understanding basic principles of nature’s
application of chemistry in a biological context;
(2.) We use total and diversity oriented synthesis
of natural products and derivatives, including biotransformations, for applications in biology, medicine, nutrition and agrochemistry; (3.) We try to
increase our understanding of molecular interaction and construction processes and develop new
tools, probes and recognition compounds to study
these.
The analysis, isolation, characterization, and modi
fication of natural products and enzymes from
plants and higher fungi is the basis of our efforts
to understand the properties of these biomolecules
or to disclose their function in nature, and finally
to explore their use in chemistry, biology and
medicine. Applications are driven by the discovered
properties and include such diverse areas as agrochemicals, lead structures in medicinal chemistry
or novel food ingredients, biological research tools,
or the utilization of enzymes as biocatalysts. This
is backed by the development of analytical tools,
e.g. for metabolic and affinity based protein profiling, by a synthesis program to increase compound availability and molecular diversity, and
by computational methods to aid the understanding and design processes through theoretical
models. Advanced projects usually proceed with
additional collaboration with external academic
or industrial partners.

W. Brandt et al. Molecular and structural basis
of metabolic diversity mediated by
prenyldiphosphate converting enzymes,
Phytochemistry (2010) 70:1758-1775.
L. J. Rashan et al. Characterization of the
anticancer properties of monoglycosidic
cardenolides isolated from Nerium oleander
and Streptocaulon tomentosum; J.
Ethnopharmacol. (2011) 134:781-788.

One pot assembly of igloo-type macromulticycles by multiple MCRs

Highly potent anticancer Tubugi-peptide (left), and its effect
on a human cancer cell (right). (MCR: multicomponent reaction;
green: microtubules; blue: chromosomes)

Enzyme biotechnology
The chemical industry currently undergoes a rapid
change that sees a considerable increase in biobased chemical production technology. Biocatalysts
play a crucial role in this transformation process
as they often allow otherwise difficult or impossible reactions, or give more efficient, environmentally benign or acceptable processes. We focus
on the discovery, mechanistic understanding, and
application of biocatalysts with a focus on methyl,
prenyl, and glycosyl transfer reactions. This will
lead to new processes for the production of important plant products of terpenoid or flavonoid
origin which are important, e.g. in the fine chemi
cals and flavor & fragrance industries.
Multiple multicomponent reactions (MCRs)
MCRs are unrivalled for the speedy construction
of complex molecules. This is potentiated if multiple
or sequential MCRs are applied. The theoretically
quite demanding processes are often simple in
practice and allow hitherto unknown possibilities
for the construction of molecules of a complexity
otherwise only found in nature’s proteins or polysaccharides.
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Bioorganic Chemistry
Fields of Research:

Current Projects and Future Goals:

› Natural product synthesis
› Diversity oriented synthesis
› Multi-component reactions
› Probes for protein profiling

Multi-component reactions (MCRs)
Multicomponent reactions are very efficient due
to their atom- and step economy. Among these,
isonitrile-based MCRs (Passerini-, Ugi-reaction)
are suited best to accomplish the synthesis of
natural-like peptoids and depsipeptides. By combinations of MCRs, seven component reactions could
be carried out to afford nine bond formations in a
singular process. For future aspects we initiated
studies to intensify isonitrile-based MCRs, a decrease in reaction time can be monitored while
using e. g. ionic liquids.

Teaming up with partners from the IPB and the
MLU, amongst others, we want to explore a
young, but already established field of research:
the dynamics of biological systems in plants. We
devise our research to gain insight into the action
of secondary metabolites on the integration of
processes, which regulate the metabolism, the development and the adaptation to biotic and biotic
stress factors in plants. These findings will be
applied for plant- as well for human health issues.
Genes, proteins and secondary metabolites are no
immobile bricks of live, but rather capricious and
extravagant diva: their behaviour is determined
significantly by the environment, setting and
association to externa. This arrangement also determines a healthy or an insane state of a plant cell.
To decipher these networks, multidisciplinary
approaches are necessary to monitor phenotypical
changes as well as molecular alterations. Our
studies comprise the isolation and structural
elucidation of natural products, to biological
evaluations up to the targeted oriented synthesis
of sole molecules to diversity oriented synthesis
exploring the chemical space on compounds to
selective manipulate the dynamics of plant reticulations. To understand the complexity of an
organism and pathologic stati, we need to study the
cooperativity of the enlisted molecules.

Probe design
Affinity- and activity based protein profiling has
developed itself into a successful strategy to explore the protein composure of a given system.
This can be the entity of the proteins (proteome)
of cellular subunits (subproteome). To explore lowabundant or time-restrained protein composures,
the use of specially designed protein probes is
necessary. For the synthesis we explored multicomponent reactions (MCRs), besides the one-batch
protocol the synthesis of multi-readout-probes
can be accomplished with limited experimental
expenditure. Emphasis is also directed towards
probe design using natural products in order to
identify their targets.

Prof. Dr. Bernhard
Westermann
1989
PhD in Organic Chemistry, University
of Paderborn, Germany
1990–1991
PostDoc University of Toronto, Canada
(group of J. B. Jones)
1996
Habilitation in Organic Chemistry,
University of Paderborn, Germany
1997–2004
Assistant and Associate Professor at
University of Paderborn, Germany
since 2004
Group leader Bioorganic Synthesis,
Leibniz-Institute of Plant Biochemistry
since 2010
Extraordinary (apl.) Professor at the
MLU Halle, Germany

Contact
bwesterm@ipb-halle.de
www.ipb-halle.de

Selected publications:
S. Dörner, B. Westermann. A short route for the
synthesis of “sweet” macrocycles via a
click-dimerization–ring-closing metathesis
approach. Chem. Commun. 2005, 2852–2854.
B. Westermann et al. Enantiodivergente
Organokaskadenreaktionen. Angew. Chem.
2010, 122, 858–861.

Ligations, click-chemistry
Copper-catalyzed alkine azide cycloadditions
(CuAACs) as well as strain-promoted (SPAACs)
are very useful tools for ligations. The explorations
of these methods to provide biological active
compounds are of high importance in the context
of diversity oriented synthesis. In addition, we
have explored a new strategy, which is based on
the Sakai reaction generating triazoles in highly
chemo- and regioselective manner. In the future
we want to explore these methods as bioorthogonal
reactions providing modified compounds in vitro
and in vivo.

S. Brauch et al. Seven-component reactions by
sequential chemoselective Ugi–Mumm/
Ugi–Smiles reactions. Chem. Commun. 2010,
46, 3387–3389.
B. S. Dubberke et al. Oxidative allylic
rearrangement of cycloalkenols: Formal total
synthesis of enantiomerically pure trisporic
acid. Beilstein J. Org. Chem. 2011, 7, 421425.
S. Brauch et al. Fast and efficient MCR-based
synthesis of clickable Rhodamine tags for
protein profiling. Org. Bioorg. Chem. 2012, 10,
958–965.

Photovoltaics /
Renewable energies

As one of the major issues of today’s modern society, the quest for new
energy sources has become imminent, demanding a profound understanding of basic processes in physics and chemistry, combined with a
direct link to technology. Several research groups are therefore focused
on the understanding of photovoltaic processes, their exploitation for
energy conversion, as well as the underlying reversible storage of electric energy. Catalytic processes of energy conversion are investigated
in the field of fuel cells, and with regards to the optimization of technical processes. Further, a newly founded master program “Renewable
Energies” addresses these challenges, being directed towards the need
for a strongly interdisciplinary education in facing the vast challenges
and expectations.

Biorelevant
materials
and molecules

Photovoltaics /
Renewable energies

BMM

PRE
Nanostructured
Materials

Nanostructured
polymers and
soft matter

NPSM
Functional
solid interfaces

FSI
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BMBF Center for Innovation Competence (ZIK):

SiLi-nano - Silicon and Light: from Macro to Nano
Budget: 6.35 Mio. €
Funding period: August 2009 - September 2014

Project Description
The Center for Innovation Competence SiLi-nano® focuses its
research on the interaction of light with silicon. On one hand the
Center aims for an improvement of solar cells by applying novel
light converting materials, on the other hand novel concepts for
structuring and material modification on the nanoscopic scale are
used to engineer a silicon-based light source.
The main research focus of the group “Light-to-Silicon” is the efficiency enhancement of solar cells and solar modules using concepts
of light and photon management. For this, the incident sunlight is
modified by optical materials to convert the solar spectrum to the
useable spectral range of the solar cell. An enhancement of the solar
module efficiency is thus possible without modifying the solar cell
itself.

Cooperations with External Research Partners
International:
• University of Tennessee Space Institute, TN, USA
• Queen‘s University Belfast, Centre for Nanostructured Media, UK
• Research Institute Industrial Research Limited (IRL) in Wellington
(New Zealand)
• National Institute for Laser, Plasma and Radiation Physics in
Bucharest (Romania)
National:
• Max-Planck-Institut für Eisenforschung (MPIE) in Düsseldorf
• University Paderborn
• Fraunhofer Institute for Mechanics of Materials IWM in Freiburg
• Max-Planck-Institute for the Science of Light in Erlangen
• University Kaiserslautern
At the weinberg campus:
• Groups Optic and mikrostrukturbasiertes Materialdesign of the
Institute for Physics
• Interdisciplinary Center for Materials Research (IZM) of the MLU
• Fraunhofer Institute for Mechanics of Materials IWM in Halle
• Fraunhofer-Center für Silizium-Photovoltaik CSP
• Max Planck Institute of Microstructure Physics Halle

Fluorescent glass on top of a silicon solar cell

The research focus of the group „Silicon to Light“ is the development of a silicon based or silicon compatible micro light source.
Several different concepts of nanostructuring and modification of
materials in the nanoscopic range are employed to achieve a higher
efficiency. Limiting parameters are thoroughly analyzed. The final
aim of the work is the creation of a silicon based laser device with
tunable emission wavelength. Such a light source has the potential
to revolutionize electronic chips by using infrared light pulses instead of voltage pulses for on- and inter-chip communication.

Research Groups
Junior Research Group Leader “Silicon-to-Light”
Jun.Prof. Jörg Schilling
Email: joerg.schilling@physik.uni-halle.de
Junior Research Group Leader “Light-to-Silicon”
PD Gerhard Seifert
Email: gerhard.seifert@physik.uni-halle.de

Contact
Centre for Innovation Competence SiLi-nano®
Martin Luther University Halle-Wittenberg
Karl-Freiherr-von-Fritsch-Str. 3
D - 06120 Halle (Saale)
Dr. Kerstin Mitzschke (Scientific Coordinator)
Email: kerstin.mitzschke@physik.uni-halle.de
Phone: +49 (0) 345-55 28 650
www.sili-nano.de

A Si/Ge-Quantum dot based light emitting diode (LED) exhibiting a homogeneously infrared emitting area of 0.5 mm2. The LED was designed, fabricated and
characterized in a close collaboration with the Max-Planck-Institute of Microstructure Physics Halle and the Interdisciplinary Center for Materials Research (IZM) of
the Martin Luther University.
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BMBF project:

StrukturSolar
Budget: 2 Mio. € (1 Mio. € MLU share)
Funding period: January 2012 - December 2014

Project Description

Collaboration Partners and Coordinator

The project StrukturSolar, funded by the BMBF (Bundesministerium
für Bildung und Forschung), aims at the development and application of innovative concepts for structuring in next generation solar
cells. The goal is to improve the cell efficiency and simultaneously
to reduce the production costs.

Within the project, the fundamental research competence of the
Martin-Luther-University (MLU) is combined with the applied
research competence of the University of Applied Science Anhalt
(HSA). The collaborating scientists are members of the faculty of
natural science II (MLU) and faculty of engineering (HSA). The project
complies with the target of the BMBF in bringing together basic
and applied research within universities and universities of applied
science. The project shall also provide the possibility for promotion
of students from the universities of applied science. Within 6 projects, 8 PhD students will perform their research work under the
supervision of two professors of each partner university. It is
planned that the students receive their PhD from the MLU after a
period of 3 years. With a funding volume of around 1 Mio € for each
partner, the project allows to cover budget for invest, consumables,
and travel. Joint meetings between the partners will provide steering
and discussion. There is the possiblity to extend the project for
another period of 3 years.

Secondary electron micrograph of a
black silicon surface

Secondary electron micrograph of a
CIGS solar cell

Solar cells of the first generation (crystalline silicon) and second
generation (thin-film solar cells) are large-area homogenous diodes
with vertical pn-junctions. Structuring of these diodes, according
to the project goal, aims at improving the coupling to the electromagnetic field of the incoming light as well as at improving the
collection of photogenerated charge carrriers (electrons and holes).
The results are improved solar cells of 1st and 2nd generation as well
as solar cells of the 3rd generation, the latter allowing to make better use of the solar spectrum. Various structuring methods are applied such as laser, wet-chemical, electro-chemical, mechanical or
plasma-chemical structuring. All these methods are available
within the project consortium. The structured solar cells include
crystalline solar cells, inorganic thin-film as well as organic thinfilm solar cells (see Figure). The project will foster the joint research
and will lead to fruitful inspiration of researchers from different
disciplines.

Participating Scientists at MLU
Prof. Roland Scheer (Physics, MLU Halle): Microstructured
contacts, organic solar cells, contacting of thin-film solar cells
Prof. Ralf B. Wehrspohn (Physics, MLU Halle and Fraunhofer
Institute) Black silicon, macroporous silicon, organic solar cells
Prof. Georg Schmidt (Physics, MLU Halle): Organic solar cells
Jun.Prof. Jörg Schilling (ZIK SiLi-nano): Black silicon,
macroporous silicon
PD Gerhard Seifert (Physics, MLU Halle and Fraunhofer
Institute): Black silicon, laser structuring of substrates

Contact
StrukturSolar
Martin-Luther-Universität Halle-Wittenberg
Institut für Physik
von-Danckelmann-Platz 3
D-06120 Halle (Saale)
Prof. Roland Scheer (coordinator)
Email: roland.scheer@physik.uni-halle.de
Phone: +49 (0) 345-55 25 490

Project Layout of StructurSolar
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BMBF Project Super-Kon:

Novel Capacitors for Energy Storage
Budget: 1.5 Mio. €
Funding Period: November 2010 - October 2012

Project Description
According to the aims of the energy policy of the German Government, the share of renewable energies in the total energy consumption should considerably increase in the next years. However, the
problems of renewable energies related to their generation, uti
lization and their feeding into the public electricity grid are very
diverse. For example, the yield of wind and solar energy is strongly
dependent on weather and time of the day; the load of the electricity
grid is also very variable. Due to the lack of efficient energy storage
devices, only part of the available potential of sustainable energies
can be exploited.
As an answer to these requirements, the idea of the Super-Kon
energy storage device was born. It is based on the physical storage
of electric energy in thin film components. For this aim, we will
develop a novel innovative capacitor module, which initially targets
to local market requirements. This new capacitor will be an efficient, flexible, ecological and safe system for energy storage with a
special focus on renewable energies (wind energy, energy harvesting,
photovoltaics).

Scientific Aims
The main objective of the Super-Kon project is to realize with novel
capacitors made from composite materials (0–3 composites) with
comparable energy densities as for existing double-layer capacitors
(supercaps). Additionally, the specific advantages of the Super-Kon
capacitors shall be utilized. The advantages are mainly:
• robust, very high lifetime,
• distinctly higher charging voltage, thermal stability, no cooling
units necessary,
• fast charging/discharging cycles, high efficiency,
• ecologically harmless, protection of the environment,
• low cost of production, low cost of maintenance, no expendable parts.

Research Approach

Up to now, rechargeable batteries are mostly used for energy storage
purposes. Due to their electro-chemical working principle, they
have specific properties that can be problematic (limited lifetime,
memory effect, limited usable temperature range). In contrast,
capacitors can be very quickly charged/discharged and allow thousands of charging/discharging cycles. However, the stored energy
densities are still much smaller than for rechargeable batteries.
Currently, mainly multilayer ceramic capacitors, film capacitors
and double-layer capacitors are used. All types own specific advantages and disadvantages (multilayer ceramic capacitors: high
permittivities, temperature-stable, capable of high frequency ope
ration, brittle, hard to process; film capacitors: higher breakdown
voltage, low electric conductivity, easily moldable and processable,
only lower permittivities; double-layer capacitors: low charging
voltage, limited usable temperature range). It is essential to overcome
these disadvantages.

To overcome the capacitor’s disadvantage of low energy storage capacity, it is necessary to develop
dielectric materials having a high
permittivity, a breakdown voltage
as high as possible, and a low mass
density.
The innovative approach of our
concept is based on the applicaCrystal structure of BaTiO3,
a high-performance dielectric
tion of composite materials as dielectrics. Through the production of
novel 0–3 composites, the positive properties of ceramics and polymers will be combined. For this purpose, nanoparticles of wellestablished dielectrics, such as BaTiO3, as well as new compounds,
will be embedded in an organic or inorganic matrix.
The work will take place in the framework of a newly established
innovation lab which consists of scientists of the three participating working groups in order to combine the expertise of the collaborators. The main focus of the research in the working group Festkörperchemie (Solid State Chemistry) is the synthesis and
modification of dielectric materials and the production of thin films
made of these composite materials. The working group at the Interdisziplinäres Zentrum für Materialwissenschaften (Interdiscipli-

Schematic of a plate capacitor with a 0-3 composite

Morphology of a BaTiO3 composite as studied by scanning electron microscopy

State of Technology
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Participating Scientists
PD Hartmut S. Leipner (project leader, Interdisciplinary
Center of Materials Sciences - IZM)
Prof. Horst Beige, Dr. Martin Diestelhorst (Physics of Ferroic
Materials group, Institute of Physics)
Prof. Stefan Ebbinghaus (Solid State Chemistry group,
Institute of Chemistry)

Contact
Organizational structure of “Super-Kon”

nary Center of Materials Sciences) is dealing with the processing of
test structures as well as their structural diagnostics. The Physics
of Ferroic Materials group concentrates on the physical characterization of the dielectric layers. In the second half of the project period, the results of the laboratory research will be scaled-up. The
build-up of a technological pilot plant station should be started within the period of the project.
In addition to the research work, the business-related project support is an important component of the work within the innovation
lab. Their main task is to integrate the requirements of the market
into the development process. Additionally, an external project advisory council, consisting of representatives from local companies,
supports the scientists in the development process and promotes
the creation of networks. As the final outcome of the project, a Super-Kon demonstrator will be developed and built, which is based
on novel dielectric composite materials.

Comparison of different energy storage media in terms of gravimetric energy
and power density

Innovation lab Super-Kon
Heinrich-Damerow-Straße 4
D-06120 Halle
Dr. Alexandra Buchsteiner (scientific coordinator of the
innovation lab, IZM)
Email: alexandra.buchsteiner@super-kon.uni-halle.de
Phone: +49 (0) 345-55 28 484
Kristin Suckau (business-related project support, IZM)
Email: kristin.suckau@physik.uni-halle.de
Phone: +49 (0) 345-55 25 548
www.super-kon.uni-halle.de
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Institute of Chemistry

Industrial Chemistry of
Renewable Energies
Fields of Research:

Current Projects and Future Goals:

› Novel nanostructured materials
for electrochemical energy conversion
› PEM fuel cells
› Batteries/energy storage
› Photoelectrocatalysis
› Method development for in situ-studies
in electrocatalysis

Novel nanostructured electrodes
Gas diffusion electrodes for electrocatalytic appli
cations have to provide partly contradictory
properties like high chemical and mechanical stability, high surface area, and good conductivity.
Our approach to tackle these issues is to prepare
carbon based hierarchical nanostructures in a
bottom-up approach. Primary nanofibers are
grown on suitable substrates and are branched
with secondary nanotubes. Functionality can be
introduced by creating surface functional groups,
depositing functional materials like conducting
polymers, active catalysts, etc. We aim at the development of synthesis building blocks that
enable us to provide nanostructured electrode
materials with tailored properties for a given
electrochemical application.

Electrochemical devices may play a fundamental
role during the shift in energy supply from fossilbased resources to renewable ones. Examples are
hydrogen production in electrolysers, storage of
electrical energy in small and large scale batteries
as well as electricity generation in fuel cells. These
applications have in common that chemical energy
is converted into electrical energy, or vice versa,
in an electrochemical or electrocatalytic reaction,
which may be considered as the core of the overall
process. To proceed at useful rates, these electrochemical reactions require electrode materials
and electrocatalysts with high activity, high surface
area, good electrical conductivity and long term
stability under practical conditions.
Our activities focus on the development of novel
nanostructured materials for electrochemical
energy conversion and are driven by two major
aims. Firstly, we want to develop materials with
improved properties and demonstrate their advantages under laboratory and finally practical
conditions. Secondly and equally important, we
aim at a detailed and microscopic understanding
of relevant processes occurring in practical electrochemical devices, including ageing and degradation mechanism, reasons for enhanced activity,
etc., by applying relevant spectroscopic and electrochemical in situ-techniques, which in turn will help
us to devise improved materials.

Alternative electrocatalysts and supports
Stability and costs of catalytic materials are major
challenges in current electrocatalysis and fuel
cell research. Our activities in this field include
the development of corrosion-resistant catalyst
supports based on carbon nanotubes, conducting
oxides, and the respective composite materials.
Furthermore, we have a long-standing expertise
in the preparation and characterization of noblemetal free catalysts or novel core-shell catalytic
materials. Synthesis methods include CVD and
sol-gel processes as well as microwave-assisted
syntheses, which allow us to prepare materials
with tailored properties.
Photoelectrocatalysis
The ultimate goal in photoelectrocatalysis research
is the direct conversion of solar energy to produce
fuels, e.g. hydrogen via water splitting or hydrocarbons via CO2 reduction. While these reactions
have been demonstrated in principle, practical
devices have not been established due to various
reasons. Our future research will aim at bridging
the gap towards application by designing novel
nanostructured photoelectrodes, however we are
also involved in the development of novel photocatalytic materials, e.g. organic-inorganic hybrids.

Prof. Dr. Michael Bron
1998
Dr. rer. nat. (PhD) in Physical
Chemistry, TU Chemnitz (Germany)
1998–2001
Post-Doc at Hahn-MeitnerInstitute Berlin (Germany) with
Prof. H. Tributsch
2001–2006
Staff scientist at TU Darmstadt
(Germany) with Prof. P. Claus
2009
Habilitation in Industrial Chemistry,
TU Darmstadt (Germany)
2007–2010
Leader of Fuel Cell Catalysis Group at
Ruhr-University Bochum (Germany)
Since 2010
Professor (W3) of Industrial Chemistry
at Martin Luther University
Halle-Wittenberg

Contact
michael.bron@chemie.uni-halle.de
www.chemie.uni-halle.de/bereiche_
der_chemie/technische_chemie/ak_
bron/

Selected publications:
AB.A.A. Nassr et al.: Rapid Microwave-Assisted Polyol Reduction for the Preparation of
Highly Active PtNi/CNT Electrocatalysts for
Methanol Oxidation. ACS Catalysis, 2014, 4,
2449–2462.
C. Kulp et al.: Synthesis of CuCorePtShell
Nanoparticles as Model Structure for
Core-Shell Electrocatalysts by Direct Platinum
Electrodeposition on Copper. ChemPhysChem
2013, 14, 1205-1210.
D.Z. Mezalira, M. Bron: High stability of low Pt
loading high surface area electrocatalysts
supported on functionalized carbon
nanotubes. J. Power Sources 2013, 231,
113-121.
S. Kundu et al.: Synthesis of an improved
hierarchical carbon-fiber composite as a
catalyst support for platinum and its
application in electrocatalysis. Carbon 2012,
50, 4534-4542.

CNT/TiO 2 nanocomposite

O. Petrova et al.: A spectroscopic
proton-exchange membrane fuel cell test
setup allowing fluorescence x-ray absorption
spectroscopy measurements during
state-of-the-art cell tests. Rev. Sci. Instr.
2011, 82, 044101.
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Institute of Chemistry

Photochemistry
Prof. Dr. Martin Goez
1986
PhD in Physical Chemistry (Friedrich–
Alexander-Universität Erlangen,
Germany)
1986–1988
Research scientist (Philips Research
Laboratory Aachen, Germany)
1988–1995
PostDoc and Heisenberg fellow
(Universität Carolo–Wilhelmina,
Braunschweig, Germany)
1993
Habilitation in Physical Chemistry
(Universität Carolo–Wilhelmina,
Braunschweig, Germany)
Since 1995
Full Professor (C3) of Organic
Chemistry (Martin Luther Universität
Halle–Wittenberg, Germany)
2000–2001, 2004–2005, 2008
Visiting Professor (University of Leeds,
University of Oxford) and Visiting
Fellow (Magdalen College, Oxford, UK)

Contact
martin.goez@chemie.uni-halle.de
www.chemie.uni-halle.de

Fields of Research:

Current Projects and Future Goals:

› Mechanistic and kinetic photochemistry
› Laser-flash photolysis
› NMR spectroscopy

Photo-CIDNP spectroscopy
On one hand, we develop new and improved pulse
sequences, on the other hand, we use this spectroscopic technique for in-depth mechanistic and
kinetic investigations of organic photoreactions.
In collaboration with the group of P. J. Hore at
Oxford, we apply CIDNP to biorelevant molecules
and their reactions, such as protein folding.

The importance of photochemistry can hardly be
overstressed, taking into account the rapidly
nearing exhaustion of fossil fuels – which are not
only the world’s energy sources but also the raw
materials for most industrial organic syntheses
– and the fact that all these fuels originate from
photosynthesis.
We investigate the mechanisms and kinetics of
photoreactions, using a variety of spectroscopic
techniques. Our specialized expertise is in the
areas of two-colour laser-flash photolysis at extremely high excitation intensities, of magnetic
field effects, and of photo-CIDNP (photochemically induced dynamic nuclear polarizations). In
the two-colour experiments, we use one laser
pulse to prepare a short-lived intermediate, and
then apply a second pulse to do photochemistry
on the latter. This, as well as the high excitation
intensities, opens up completely new reaction
pathways. By the application of magnetic fields,
the product yields can be modified; although a
seemingly esoteric phenomenon, this is the
underlying mechanism of the orientational system
of migratory birds. Photo-CIDNP is basically
laser-flash photolysis with NMR detection. This
extremely powerful method yields information
about all stages of a chemical reaction that is often
inaccessible otherwise.

New photoionization mechanisms
We have discovered, and are currently investiga
ting, a variety of mechanisms that yield more
than one electron per molecule, e.g., catalytic
cycles, where the photoionized intermediate is
regenerated by a chemical reaction with a sacrificial electron donor. A related issue is the strong
effects that small structural or electronic changes
(e.g., the conversion of a triplet into a radical anion)
can have on the photoionization efficiency. We
aim to understand such changes, and exploit
splitting.

Selected publications:
S. R. T. Neil et al. Cavity enhanced detection
methods for probing the dynamics of spin
correlated radical pairs in solution. Mol. Phys.
2010, 108, 993–1003.
M. Goez. Photo-CIDNP spectroscopy. Annu.
Rep. NMR Spectrosc. 2009, 66, 77–147.
M. Goez et al. Quenching mechanisms and
diffusional pathways in micellar systems
unraveled by time-resolved magnetic-field
effects. Chem. Eur. J. 2009, 15 , 6058–6064.
M. Goez, D. von Ramin–Marro. The
photoreduction of investigated by two-pulse
two-colour laser-flash photolysis. Chem.
Phys. Letters 2007, 447, 352–357.
K. H. Mok et al. A pre-existing hydrophobic
collapse in the unfolded state of an ultrafast
folding protein. Nature 2007, 447, 106–109.
M. Goez, V. Zubarev. Efficient photoionization
of an Norrish II diradical. Angew. Chem. 2006,
118, 2189–2193.

Magnetic field effects
We use magnetic field effects to elucidate the
details of organic photoreactions and diffusional
dynamics, especially in microheterogeneous systems (e.g., micelles). A second focus is on the
development of new experimental methods for
measuring magnetic field effects. This project is
part of an ongoing collaboration with the group
of C. R. Timmel at Oxford.
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Institute of Chemistry

Industrial Chemistry
Fields of Research:

Current Projects and Future Goals:

› Heterogeneous catalysis
› Reaction engineering

Oxygen transfer reactions
Preparation of solid single or multi-component
catalysts for partial/total oxidation reactions in
gas or liquid phase especially for aromatic substrates, assessment of reaction kinetics (activity,
selectivity, time on stream) and reaction networks
for gas-phase reactions with/without oxygen
spillover. In-situ characterization of active components by solid-electrolyte-potentio-metry.

More than 85% of the products of chemical industry are made in catalytic processes. Especially
solid catalysts are indispensable for fuel production, bulk and fine chemicals and abatement of
pollution in end-of-pipe processes.
Our activities in the field of catalysis starts with
the synthesis of nanoscale catalytically active
materials but also includes the formulation and
shaping of porous solids and catalysts for use in
an industrial reactor, their functional characterisation and the assessment of transport and reaction kinetics. We explore novel processing options experimentally and by using modeling and
simulation tools. Reactions under study are diverse, however, (partial) oxidation and acid-base
reactions play a major role.

Optimisation of heterogeneous catalysts
Preparation, characterization and testing of nanoand mesoporous aluminate spinels for hightemperature reactions, for example dry reforming
of methane.
Catalyst deactivation
Using local lignite for catalytic cracking with
solid acid catalysts can only be cost-effective if
the deactivated catalysts can be reactivated a sufficient number of times. Dependent of cracking
conditions the physical blocking of the catalyst
by “coke” mainly takes place at the outer surface
of the catalyst body and/or inside the porous
structure. This can be differentiated by use of
physical characterization and model reactions
with substrates of different molecule size to give
hints for an optimized regeneration procedure.

Prof. Dr.-Ing. Thomas Hahn
1987
Dr.-Ing. in Chemical Process
Engineering, Universität
Karlsruhe (TH), Germany
1994
Habilitation and Venia legendi,
Universität Karlsruhe (TH), Germany
1996–1999
Substitute Professor of Chemical
Process Engineering, Universität
Karlsruhe (TH), Germany
Since 1999
Professor of Industrial Chemistry,
Martin-Luther-Universität HalleWittenberg, Germany

Contact
thomas.hahn@chemie.uni-halle.de
www.chemie.uni-halle.de
www.polymer-pilotplants.com
Selected publications:
F. C. Buciuman et al. Synergy effect between
copper and manganese oxides in hopcalite
catalysts. Stud. Surf. Sci. Catal., 138 (2001)
315-322.
M. Estenfelder et al. Solid Electrolyte
Potentiometry Aided Study of Oxidic catalysts,
Catal. Rev. 46 (2004) 1-29.

Controlled Pore Glass

F. Friedel et al. Transport Properties of Catalyst
Supports Derived from a Catalytic Test
Reaction, in J. Kärger, F. Grinberg, P. Heitjans
(Edts.), Diffusion Fundamentals, Leipziger
Universitätsverlag, Leipzig 2005
D. Enke et al. Transport properties of catalyst
supports derived from a catalytic test reaction,
in Characterization of Porous Solids VII, studies
in surface science and catalysis, Elsevier,
Amsterdam, Vol. 160, 2007, 455-462.
S. Straube et al. Adsorption and Oxidation of
Mercury in Tail-end SCR-DeNOx Plants - Bench
Scale Investigations and Speciation
Experiments, Appl. Catal. B, 79 (2008)
286-295.
D. Enke et al. Transport in SiO2-Catalyst
Supports: A Contribution to Process
Intensification, in: S. Kaskel, P. Llewellyn, F.
Rodriguez-Reinoso, N.A. Seaton (Edts.),
Characterisation of Porous Solids VIII, RSC
Publishing (2009), 311-317
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Institute of Physics

Photovoltaics
Prof. Dr. Roland Scheer
1994
PhD in Solid State Physics
(Technical University Berlin)
1994–2010
Staff Scientist at
Helmholtz-Centre-Berlin
2002
Research fellow, National Institute
for Advanced Industrial Science and
Technology, Tsukuba, Japan
2003–2005
Lecturer, Physics Department,
University Potsdam, Germany
since 2010
Full professorship (W3) for Photo
voltaics at the Institute of Physics 		
(Martin Luther University HalleWittenberg)

Contact
roland.scheer@physik.uni-halle.de
www.physik.uni-halle.de

Selected publications:
P. Pistor, J. Borchert, W. Fränzel, R. Csuk, and
R. Scheer, Monitoring the Phase Formation of
Coevaporated Lead Halide Perovskite Thin
Films by in Situ X-ray Diffraction. The Journal
of Physical Chemistry Letters, 2014.
5(19).10.1021/jz5017312: p. 3308-3312.

Fields of Research:

Current Projects and Future Goals:

› Thin film solar cells
› In-situ growth analysis of thin films
› Charge carrier dynamics
› Solar cell device simulation and modelling

Thin film material growth
Chalcogenide thin films are grown using vacuum
methods. The growth is studied using in-situ X-ray
diffraction, in-situ Raman scattering and in-situ
light scattering analysis. Phase formation, crystal
growth, and morphology formation are studied.
Using an angle dispersive system for X-ray diffraction, film formation can be detected with highly
resolved diffraction. We investigate chalcopyrite,
kesterite and perowskite thin film growth in specially designed growth chambers. After process
development and successful film growth, complete
solar cells are prepared using a standard heterostructure baseline for thin film solar cells.

Polycrystalline thin film solar cells, also referred to
as 2nd generation photovoltaics, are highly complex
material systems. Cost aspects require that they
are fabricated from abundant materials, with low
energy consumption, and with negligible environmental impact but in the same time show a high
efficiency of solar-to-electrical energy conversion.
Chalcogenide thin film solar cells already today
fulfil many of these requirements. Prominent examples are Cu(In,Ga)(Se,S)2 and CdTe. However,
in despite of their industrial employment more
research is necessary to further develop these
photovoltaic materials. In addition, there are other
sulfide and selenide materials being of interest
for thin film solar cells which are much less deve
loped and which may exhibit a better match to
the cited requirements.
The research of our group has two different directions: The further development and investigation
of existing chalcogenide thin film materials and
solar cells and second the exploitation of new
chalcogenide materials for solar cells. Central issues
are growth studies of photovoltaic thin film absorber layers, device analysis and device modelling.
The aim is to develop thin film solar cells with optimum fulfilment of the above requirements.

M. Maiberg and R. Scheer, Theoretical study
of time-resolved luminescence in
semiconductor heterostructures. 2. Pulsed
excitation. Journal of Applied Physics, 2014.
116: p. 123711.
G. Kaune, S. Hartnauer, R. Scheer. In situ XRD
investigation of Cu2ZnSnSe4 thin film growth
by thermal co-evapoation. Phys. Status Solidi
A (2013) 1-6.
R. Scheer and H.-W. Schock, Chalcogenide
Photovoltaics - Physics, Technologies, and
Thin Film Devices. 2011, Weinheim: Wiley
VCH. ISBN-10: 3-527-31459-8
R. Scheer et al, Advanced diagnostic and
control methods of processes and layers in
CIGS solar cells and modules. Progress in
Photovoltaics 18 (2010) 467.

Mo/Cu(In,Ga)Se 2/CdS/ZnO solar cell on glass
in cross-section view

Device analysis
The electronic properties of thin film solar cells
can be analysed by static or dynamic excitation.
The goal is to elucidate the charge transport and
recombination properties of the devices. We use a
novel system for combined excitation with white
light bias, monochromatic light bias as well as ac
and dc voltage bias. With the aid of combinatory
experiments under vacuum we study the stationary
and transient response of solar cells at different
temperatures and after different phases of device
excitation. Thereby, we can investigate the solar
cell performance as well as the device stability
and meta-stability.
Device modelling
Polycrystalline solar cells have physical parameters
such as crystalline grain size, absorption length,
and minority carrier collection length which typically are in the same dimension range. Thus polycrystalline solar cells inherently are 3-dimensional
devices. Using 3-dimensional electronic device
simulation, we investigate the impact of grain
boundaries, material inhomogeneity, structured
contacts, and local experimental probes. We quantify the impact of the 3-dimensional structure
and give guidance for the interpretation of characterisation experiments. Stationary and timeresolved experiments can be modelled. The goal is
to deepen the understanding of polycrystalline
thin film solar cells and to derive strategies for
their optimisation.
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Institute of Physics & BMBF Center SiLi-nano

Junior Research Group “Silicon to Light”
Fields of Research:

Current Projects and Future Goals:

› Light emission from silicon, SiGe and
other Si based micro- and nanostructures
› Optical nonlinearities for integrated
silicon photonics
› Plasmonic metamaterials

Luminescence enhancement from
Si/Ge-dot multilayers
In collaboration with the Max Planck Institute of
Microstructure Physics the photo- and electroluminescence enhancement of Si/Ge-dot multilayers
is investigated. Different 1D and 2D photonic
crystal microcavities are fabricated in the layer
stacks to achieve luminescence around 1.5μm
wavelength with high efficiency and directionality.
The electroluminescence of the basic multilayer
material was already demonstrated in form of a
Si/Ge-LED. The research involves the spectral and
temporal investigation of the luminescence at
different temperatures before and after the nanostructuring.

The research of Jun. Prof. Jörg Schilling is centred around the idea of achieving a far reaching
control of the optical properties of materials by
using micro- and nanostructuring. This comprises
the investigation of luminescence enhancements
and the enhancement of nonlinear processes in
microcavities as well as the unusual dispersion
relation for light in plasmonic metamaterials.
A large part of the research is focused on Silicon
and Ge-quantum dots as active materials. Since
light emission from these indirect semiconductors
is usually negligible and second or third order
nonlinear processes are either almost non-existent
or hampered by a strong two photon absorption,
nanostructuring and the combination with other
materials in hybrid devices can really make a
difference here. In this respect silicon represents
a testbed to investigate how far the naturally given
optical properties of a material can be manipulated by “nanoengineering”.

Si/Ge-LED with electroluminescence between 1200-1500nm
wavelength.

Nanoporous gold film for surface plasmon dispersion control
fabricated by de-alloying

Second order susceptibility in silicon
due to inhomogeneous strain
A second order susceptibility χ(2) should be introduced into silicon via breaking the centrosymmetry
of the silicon lattice by an inhomogeneous strain.
Second harmonic generation (SHG) in reflexion
and transmission is measured to investigate the
strain-χ(2) dependence.
Four wave mixing in silicon and
silicon-hybrid waveguides
Four wave mixing is used as a highly versatile
nonlinear process to achieve frequency transformation within the spectral range 1400 nm1600 nm in silicon integrated waveguides. However as nonlinear processes in the near infrared
are limited by the two photon absorption in silicon,
current work focuses on silicon-hybrid waveguides, which represent a combination of silicon
with another nonlinear optical material with a
high figure of merit.
Control of surface plasmon dispersion
with porous metals
The dispersion of surface plasmons is determined
by the dielectric function of the metal and the
dielectric material at the interface. In this project
the dielectric function of the metal is changed by
introducing a nanoporosity. Using a nanoporous
gold layer a red-shifting of the surface plasmon
dispersion by about 0.8eV was already observed.
The goal is to shift the limiting surface Plasmon
frequency ω sp, for which a strong field confinement at the interface occurs, into the near infrared
to enhance nonlinear optical processes and luminescence there.

Jun.Prof. Dr. Jörg Schilling
1993–1999
Undergraduate studies in Physics at
the Martin Luther University
Halle-Wittenberg (MLU)
1996–1997
Undergraduate studies in Physics at
the Heriot-Watt-University in
Edinburgh (Scotland)
1999–2002
Phd-studies at Max-Planck-Institute
for Microstructure Physics in Halle
2002–2005:
Postdoc at the California Institute
of Technology, Pasadena, USA
2005–2009
Royal Society University Research
Fellow at the Queen’s University
Belfast, UK
Since 2009
Junior research group leader at the
Center for Innovation Competence
“SiLi-nano”
Since 2011
Juniorprofessor at the MLU

Contact
joerg.schilling@physik.uni-halle.de
www.physik.uni-halle.de
www.sili-nano.de

Selected publications:
J. Schilling et al. Slotted nanobeam
microcavities enabling hybrid photonic devices.
Proceedings of SPIE 8095, 80950A (2011)
J. Schilling. News and views:
The quest for zero refractive index
Nature Photonics Vol.5, 449-51 (2011)
C. Schriever et al. Numerical investigation of
taper parameters for high Q infiltrated
nanobeam slot microcavities. Photonics and
Nanostructures - Fundamentals and
Applications (2011)
C. Schriever et al. Designing the quality factor
of infiltrated photonic wire slot microcavities
Optics Express Vol.18, 24, 25217-24 (2010)
J. Kanungo et al. Experimental determination
of the principal dielectric functions in silver
nanowire metamaterials. Applied Physics
Letters 97, 021903 (2010)
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Institute of Physics & Fraunhofer Institute for Mechanics of Materials

Microstructure-based Materials Design
Prof. Dr. Ralf B. Wehrspohn
1997
French-German PhD in Material
Science and Physics (Ecole Polytechnique, F and Univ. Oldenburg)
1997–1999
Scientist at the Philips Research
Laboratories, Redhill, UK
1999–2003
Group leader at the Max-PlanckInstitute Halle
2003
Habilitation (Univ. Halle)
2003–2006
Full Professor (C4) in Physics
(Univ. Paderborn)
Since 2006
Director of the Fraunhofer IWM and
Full Professor (W3) in Physics (Martin
Luther University Halle-Wittenberg)

Contact

Fields of Research:

Current Projects and Future Goals:

› Porous materials and hybrid polymeric
nanostructures
› Photonmanagement in solar cells
› Integrated silicon photonics
› Nanoanalytics

Porous materials
Ordered nanoporous materials such as macroporous silicon, aluminium oxide or inverted opals
allow the tailoring of the physical, optical and
chemical properties of these materials by nanostructuring. Moreover, they can be used as template for multi-material system. It is the strategic
aim to understand these properties and make
them tailer-need for application such as sensing,
photovoltaics, biokompatibel surface, etc.

Professor Wehrspohn’s scientific research and
publications are driven by the idea of developing
more compact and improved components and
structural elements using nanostructuring. This
requires first of all an understanding of the processes at the nanolevel. This understanding of the
microstructural properties of processes is a critical
factor in the development of innovative compact
components and key element of Professor Wehrspohn’s research. His research covers the study of
electrochemical processes for the production of
porous materials, separation processes of metallic
nanorods, wetting processes for the production
of polymer nanostructures, oxidic and metallic
nanotubes, 3D coating processes using atomic
layer deposition, local infiltration processes, processes for the production of large-area ordered
colloidal crystals, and stability of nanostructured
coating systems (e.g. SOI).

Nanoanalytics
To understand the process-structure relationships,
novel tools for the characterisation of processes
and materials are necessary. In 2011, novel tools
for the determination of strain and stress on the
nanoscale have been evaluated. These are for example nano-EBSD as well as local non-linear optical
measurements. The determination of strain is highly relevant for strained devices such as strained
silicon photonics devices developed in the ZIK
Sili-nano.

ralf.wehrspohn@physik.uni-halle.de
mikromd.physik.uni-halle.de/

Selected publications:
R.B. Wehrspohn, J. Üpping, “3D photonic
crystal for photon management in solar cells”,
J. Opt. 14 (2012) 024003.
M. Otto, M.Kroll, T. Käsebier, R. Salzer, A.
Tünnermann, and R. B. Wehrspohn, “Extremely
low surface recombination velocities in black
silicon passivated by atomic layer deposition”
Appl. Phys. Lett. 100 (2012) 191603.
R. B. Wehrspohn, S. L. Schweizer, B. Gesemann,
D. Pergande, T M. Geppert, S Moretton, A.
Lambrecht, “Macroporous silicon and its application in sensing” C.R. Chimie 16 (2013) 51-57.
A.N. Sprafke, D. Schneevoigt, S. Seidel, S.L.
Schweizer, R.B. Wehrspohn, “Automated
spray coating process for the fabrication of
large-area artificial opals on textured
substrates, Opt. Expr. 21 (2013) A528-A538.
J. Ziegler, M. Otto, A. N Sprafke, R. B
Wehrspohn,” Activation of Al2O3 passivation
layers on silicon by microwave annealing”,
Appl. Phys. A 113 (2013) 285-290;
X. Li , Y. Xiao , J. H. Bang , D. Lausch , S. Meyer,
P.-T. Miclea, J.-Y. Jung , S. L. Schweizer, J.-H.
Lee, and R. B. Wehrspohn” Upgraded Silicon
Nanowires by Metal-Assisted Etching of
Metallurgical Silicon: A New Route to
Nanostructured Solar-Grade Silicon” Adv.
Mater. 25 (2013) 3187-91.

Photon management in solar cells
Photon Management in solar cells has become an
increasing relevant topic since photons in photovoltaic devices are not optimally used. The aim of this
project is to strategically use photons in solar cells.
Several projects in this area have been initiated
and Wehrspohn was invited to several conferences
in the last years (MRS, SPIE, OSA meetings) and
is it self organiser of several conferences (SPIE,
OSA, Heraeus). Strategic aim in the next years is
to combine optical nanostructures and solar cells
for either solar cell efficiency enhancement or
material efficiency enhancement.

EM picture of porous silicon hot plate

Applications of these materials include the area
of photonic crystals, magnetic storage media, SERS
substrates, sensors, photovoltaic components,
microelectronic components and biocompatible
surfaces for tissue engineering.
The simulation of processes as well as an understanding of the formation of nanostructures are
crucial for the understanding of the microstructu
ral properties of processes. Essential prerequisites
are ultra-high resolution microscope technologies,
which more often than not are already used at
their highest possible resolution. This is particularly true for the analysis of coat thickness, crystallographic properties and material composition
of non-conductive and organic materials and multimaterial systems.

SEM cross-section of a 3D photonic crystal intermediate
reflector inside a tandem solar cell

Research in education
and history of science

The faculty puts a particular focus on the education of prospective
school teachers, which are the actual seed of new generations of scientists. We thus host two faculty positions on the professor level devoted
to research in mathematics and science education. These activities are
complemented by research in the history of the sciences, stressing the
importance of a look behind the scenes for prospective scientists and
teachers alike.
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Institute of Physics

History of Science
Fields of Research:

Current Projects and Future Goals:

› History of physics
› Biographies of scientists
› Science and National Socialism
› Edition of unpublished scientific
correspondence
› Science in the Age of Enlightenment

Commented edition of the correspondence
of Leonhard Euler (1707–1783)
In 2006 Andreas Kleinert was named chief editor
of the correspondence series of Leonhard Euler’s
Collected Works (Leonhardi Euleri Opera Omnia),
published by the Swiss Academy of Sciences since
1911. Euler is currently remembered as the leading
mathematician of his time, but his works also comprise ground-breaking contributions to physics,
astronomy and engineering. His surviving correspondence of more than 3000 letters written in
German, Latin, French and Russian yields fascinating insights into the development of his ideas
and into the scientifc community of the 18th century. Together with Thomas Steiner (Basel), A.
Kleinert is currently working on a volume that
will contain about 230 letters exchanged between
Euler and scientists from Halle, including more
than 150 letters by the mathematician Johann
Andreas (von) Segner. The letters published in
this volume are a valuable source for the history
of Halle University in the age of enlightenment.

Last page of a letter by Leonhard Euler to Christian Gottlieb
Kratzenstein (1723–1795), physicist in Halle, Petersburg and
Copenhagen.

Correspondence between Philipp Lenard
and Johannes Stark
Philipp Lenard (1862 – 1947, Nobel Prize 1905) and
Johannes Stark (1874 – 1957, Nobel Prize 1919) are
mostly known as the main proponents of “Aryan
physics” (Deutsche Physik) and convinced supporters of National Socialism. A. Kleinert has gathered
from private and public archives their surviving
correspondence of about 550 letters, telegrams and
postcards exchanged between 1904 and 1974. The
publication of this correspondence will shed new
light on Lenard’s and Stark’s influence on science
and politics during the Weimar Republic and the
Third Reich.

Prof. Dr. Andreas Kleinert
1970
Diploma in physics (Diplom-Physiker,
Technische Hochschule Aachen,
Germany)
1974
PhD in History of Science (University
of Stuttgart, Germany)
1975
Professor of Science Studies
(“Wissenschaftskunde”) at Stuttgart
Library School
1980
Professor of History of Science,
University of Hamburg, Germany
1995
Professor of History of Science,
University of Halle, Germany
2006
Professor Emeritus, University of
Halle, Germany
2006
Visiting Professor at Smith College,
Northampton (MA), USA

Contact
kleinert@physik.uni-halle.de
http://www.physik.uni-halle.de/
fachgruppen/history/

Selected publications:
A. Kleinert. Der Briefwechsel zwischen Philipp
Lenard (1862–1947) und Johannes Stark
(1874–1957). Leopoldina-Jahrbuch 46, 2000,
243–261.
A. Kleinert, M. Mattmüller. Leonhardi Euleri
Opera Omnia: a centenary project.
Newsletter of the Europea Mathematical
Society, Nr. 65, Sept. 2007, 25–31.
A. Kleinert. “Eine Zensur findet nicht statt”.
Erfahrungen mit deutsch-deutschen
Lizenzausgaben von Büchern zur
Wissenschaftsgeschichte. In: Acta Historica
Leopoldina, 62, 2013, 413–422.

Letter by Philipp Lenard to Johannes Stark of June 27, 1933

A. Kleinert. Johann Joachim Lange
(1699–1765): Ein Hallescher Mathematikprofessor als Pionier der Montanwissenschaften
In: Staat, Bergbau und Bergakademie.
Montanexperten im 18. und frühen 19.
Jahrhundert. Hrsg. von Hartmut Schleiff und
Peter Konecny. Stuttgart 2013 (Vierteljahrschrift für Sozial- und Wirtschaftsgeschichte. Beiheft 223), 193–204.
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Institute of Physics

Physics Education
Fields of Research:
Prof. Dr. Thorid Rabe
2007
PhD Physics Education (University of
Potsdam, Germany)
2007–2009
Teacher candidate for Physics and
German (Friedrich Ludwig Jahn School,
Potsdam)
2009–2014
Professor (W1) for Physics Education
(University of Potsdam, Germany)
Since 2014
Full Professor (W2) for Science
Education, Martin Luther University
Halle-Wittenberg

Contact
thorid.rabe@physik.uni-halle.de

› self-efficacy beliefs for teaching physics
› complex learning assignments
› blended learning scenarios in physics
teacher education
› motives of entering students in physics
teacher candidates
Physics education deals teaching and learning
physics in school, university and outside of school
Fields for research comprise e.g. investigating
students conceptions on physics, designing supportive learning environments, developing physics
curriculum, addressing diversity in school physics
and physics teacher education. Physics education
is therefore a highly diverse and interdisciplinary
field of research and teaching. Besides physics as
the main point of reference physics education
touches psychological, pedagogical and sociological issues and methods. The research methods
range from more qualitative approaches like interviews, video analysis, or group discussions to
quantitative methods like large-scale tests.

http://www.physik.uni-halle.de/
fachgruppen/didaktik/

Current Projects and Future Goals:
Selected publications:
Meinhardt, C., Rabe, T. & Krey, O. (2014).
Pre-service teachers’ self-efficacy beliefs for
teaching physics. In C. P. Constantinou, N. N.
Papadouris & A. Hadjigeorgiou (Eds.), E-Book
Proceedings of the ESERA 2013 Conference:
Science Education Research For Evidencebased Teaching and Coherence in Learning.
Part 13. Nicosia, Cyprus: European Science
Education Research Association.
Rabe, T., Meinhardt, C. & Krey, O. (2012).
Entwicklung eines Instruments zur Erhebung
von Selbstwirksamkeitserwartungen in
physikdidaktischen Handlungsfeldern.
Zeitschrift für Didaktik der Naturwissenschaften, 18, 293–315.
Rabe, T. & Mikelskis, H. F. (2007).
Kohärenzbildungshilfen und Selbsterklärungen: Fördern sie das Physiklernen? Zeitschrift
für Didaktik der Naturwissenschaften, 13,
33–52.
Mikelskis-Seifert, S. & Rabe, T. (Eds.). (2007).
Physik-Methodik. Handbuch für die
Sekundarstufe I und II. Berlin: Cornelsen
Scriptor.
Rabe, T. (Ed.) (2014). Unterrichtseinstiege.
Naturwissenschaften Im Unterricht - Physik,
25(139).

Development of a new test instrument on
self efficacy beliefs for teaching physics
A rather large body of research has been built over
the last years on science teachers’ professional
knowledge, i.e. content knowledge, pedagogical
knowledge and – just as important – the pedagogical content knowledge. While most projects
focus on the cognitive side of teacher professiona
lization, we add in our approach a motivational
perspective by referring to self-efficacy beliefs.
Self-efficacy can be defined as the perceived certainty to resolve a new or difficult issue successfully,
even if some kind of resistance is encountered.
Science teachers’ self-efficacy is considered to be a
central variable in order to predict science teachers’
classroom management, students’ self-efficacy
beliefs and their achievement.
Nevertheless there is an ongoing discussion about
the appropriate sense of specificity of current
instruments and also about their validity and reliability. A theoretically well-grounded test ins
trument has been designed to measure physics
teachers’ self-efficacy beliefs in the fields of “experimenting”, “analyzing and preparing physics
contents” and “dealing with students’ conceptions”.
Currently this instrument is validated in qualitative
as well as in large-scale studies. Future research
aims at describing the development of self-efficacy
beliefs for teaching physics and factors moderating
these developments.

Blended learning scenarios in physics
teacher education
Physics learning and teaching have always been
strongly connected to the use of experiments and
practical work in the classroom. It is an ongoing
challenge to prepare future physics teachers to
insert experiments in a way that helps their students to learn (about) physics. In a redesigned
hybrid course physics teacher students learn to
implement experiments in a well-grounded way
in their future science teaching. The core themes of
the course are planning, conducting and evaluating
school experiments. The attendance course is
supplemented by online feedback provided by
the staff members and microteaching sessions. A
three-year evaluation study has been conducted
in a pre-post design and has proven the course
design to be appropriate for students to gain rele
vant pedagogical content knowledge, make their
learning visible to them and develop more adequate
self-efficacy beliefs for teaching physics. A modified
design of the course is to be implemented at the
University of Halle for further evaluation.
Complex learning assignments(CLA)
Learning assignments are a relevant tool to foster
individual learning in school physics. CLAs contain more than a “single task – single answer”
structure as they are built along typical steps of
learning processes like clarifying the problem to
be solved, activating pre-knowledge and developing a step-by-step solution. The construction of
such complex assignments and the accompanying
material is an ongoing project as well as the evalu
ation and refinement of the assignments. Future
research is intended to explore students’ learning
processes in depth while working on the assignments in settings with self-explanation or partner
discussion.
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Institute of Mathematics

Education and History of Mathematics
Fields of Research:
› Mathematical problem solving processes as
central focus of the mathematics curriculum
› Science-propaedeutic teaching in
grammar school
› Didactics of stochastic processes
› Math-historical aspects in mathematics
teaching
› History of mathematics in the 17th and 18th
centuries
Modelling and application orientation in
teaching mathematics:
The task of math education is the investigation
and development of learning as well as teaching
mathematics in all age groups, including the prerequisites, aims and general conditions. (C. Wittmann 1998)
Within the framework of the present math didactic
investigation aiming at a re-orientation of teaching
mathematics and focussing on increased application and work oriented capabilities, our research
work at the University of Halle deals with the following topics: letting pupils of different age
groups and school types reflect upon and analyze
mathematical problem solving processes; to derive from this possibilities of supporting and
directing math teaching as well as to classify and
examine the results from the math didactic point
of view.
One focus is on a case study based research work
on the possibilities of science-propaedeutic
teaching in the senior classes of grammar school.
Another central research topic consists of inves
tigations of math-didactic approaches to an increased teaching of close to reality problems
encouraging thereby learning by discovering.
How do experiences in mathematics lessons focussed on problem solving processes influence
the impressions pupils have of mathematics? We
investigate this question from a mathematics
education point of view both for grammar and
secondary schools. Typical for these research projects is networking and cooperation with the
working group “Mathematics education in primary
schools“. This cooperation makes it possible to
continuously include into the research work the
application oriented teaching and problem solving
over the whole curriculum.
A clear evidence of this is the networking concerning the choice of topics and the supervision
of the contents of theses in this area.

Math historical aspects in the context of
competence oriented math teaching:
If we understand mathematics education in the
sense of von C. Wittmann as design science, then
the crucial areas (fields) consist of a constructive
development work and development research as
well as an empiric investigation of specific features, prerequisites and structures of teaching
and learning processes. From this point of view
math historical knowledge can help understand
and judge the development of the pupils’ mathematical thinking as well as promote this development by the construction of suitable learning
opportunities. In the sense of this approach the
math historical and methodical-didactic research
work at the University of Halle is a main focus of
investigation dealing with the possibilities of
including math historical approaches in order to
intensify math lessons and to increasingly promote learning by discovering.
Our basic aims are the promotion of a general
mathematics-related competence as well as a
deeper understanding and enrichment of regular
mathematical contents.

Prof. Dr. Karin Richter
1978
PhD in Mathematics
(Ergodic theory, Univ. Halle)
1986
Habilitation
(Ergodic theory, Univ. Halle)
1988
Assistant Professor in analysis
(Univ. Halle)
Since 1996
Extraordinary (apl.) Professor
(Univ. Halle)

Contact
karin.richter@mathematik.uni-halle.de
http://pi.mathematik.uni-halle.de

Selected publications:
K. Richter, S. Schöneburg et al. Mathematik
für alle: Wege zum Öffnen von Mathematik –
Mathematikdidaktische Ansätze. Franzbecker
2011.
K. Richter, S. Schöneburg. Mathematische
Forschung und Lehre an der Universität
Wittenberg (Schriftenreihe), Hamburg 2010.
K. Richter, S. Schöneburg. Mathematische
Entdeckungen im Regenwald Mittelamerikas
– eine Exkursion zu den Maya.
63. Ergänzungslieferung der Lehrerhand
reichung RAAbits Mathematik, 2010.

Current Projects and Future Goals:
History of Mathematics and math education
Math historical aspects in the context of competence oriented math teaching:
What is the best way for learning from and with
concrete history of mathematics? Actual correlations to math education.
Learning by doing: a new way for understanding geometry by problem solving
experiments in mathematics lessons
The goal is to understand process oriented learning
in geometry stimulated by self regulated expe
riments.
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Institute of Physics

History of Science with
Focus on Chemistry and Pharmacy
Prof. Dr. Horst Remane
1970
PhD in Chemistry
(University of Leipzig)
1978
Habilitation in chemistry
(University of Leipzig)
1980
Assistant Professor (“Oberassistent”)
in History of Science at the KarlSudhoff-Institute, University of Leipzig
1987
Associate Professor (“Hochschul
dozent”) in History of Science at the
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Hochschule) Halle
2004
Extraordinary (apl.) Professor at
Martin Luther University HalleWittenberg
2006
Professor Emeritus, Martin Luther
University Halle-Wittenberg

Contact

Fields of Research:

Current Projects and Future Goals:

› History of chemistry and pharmacy
of the 19th and 20th centuries
› Biographies of scientists, especially
of chemists and pharmacists
› Edition and comments on source texts in
history of science, and correspondence of
famous scientists
› History of the universities Halle and Leipzig,
and of the Leopoldina
› History selected subjects of history of the
pharmacy in Sachsen-Anhalt
› History of the artistic use of cast iron in
Saxonia and Prussia

Chemistry and pharmacy in the
19th and 20th centuries
Chemistry and pharmacy are comparably young
sciences. A focus of their historical analysis is
their development in the 19th and 20th century
in the context of the development of science as a
whole, the legacies of their representatives in the
sciences and the scientific organizations, as well
as their curricula vitae. Note specifically the publication “Chemie im Blickpunkt der Leopoldina”
(chemistry in the focus of Leopoldina), and the
edition of the correspondence of selected representatives along with commentaries. This includes in particular the chemists Hermann Kolbe
(1818-1884), Wilhelm Ostwald (1853-1932), Emil
Fischer (1852-1919), Otto Wallach (1847-1931),
Marie Curie (1867-1934), and Moritz Dolch (18871931), as well as the pharmacist Carl Rojahn (18891938). Further work along these lines is in progress.

History of science is much more than a simple
cultivation of traditions. Goethe already noted
that “The history of science is science itself.”
What he meant was that the knowledge of the
history of science teaches us how to tackle current and future challenges, helping us to avoid a
repetition of work already done, and errors. On
top of this, the History of science together with
the Science of science aids in revealing the general
features of the scientific method. It is further an
integral part of cultural history and has its share
in mediating between sciences, the humanities
and cultural studies.

horst.remane@pharmazie.uni-halle.de
http://www.physik.uni-halle.de/
Fachgruppen/history/
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Cast iron vase dated 1784 in the park in front of the art foundry
in Lauchhammer

Early history of modern artistic
iron casting
The first realization of hollow life-sized cast-iron
figures such as the figure of a bacchante and vases
in the town of Lauchhammer in 1784 must be
considered a milestone. This pioneering achievement was made possible by a fortunate liaison
between modern scientific know-how, advanced
technology, creativity in art and artistic aptitude.
Artistic iron casting in Lauchhammer under the
counts Detlev Carl and his son Carl von Einsiedel
from 1774 to 1870 was the nucleus of a genre that
is standing its ground until today.
Historic Chemical Landmarks
The German Chemical Society (Gesellschaft Deut
scher Chemiker, GDCh) with its “Historic Chemical
Landmark” program recognizes achievements of
historic scope in chemistry. The commission of
the GDCh, in collaboration with Profs. Dr. Meinel
(Regensburg) and Dr. Heiker (Bayer AG), devises
suitable objects and actively supports their realization. Until now, 10 historic sites have been honored, among these the Liebig Museum in Gießen,
Wilhelm Ostwald’s country estate “Haus Energie”
in Großbothen, the Old Chemical Institutes at
Philipps-University Marburg and the University
of Leipzig, the Max-Planck-Institute for Coal Research in Mülheim, the Institute of Macromolecular Chemistry (Herrmann-Staudinger-Haus)
at the Albert-Ludwigs-University in Freiburg,
and the Museum of Industry and Film in Wolfen.
Another 6 sites are currently being considered.

Undergraduate,
graduate and
postgraduate education

The Faculty of Natural Sciences II is committed to a high-quality scientific education in chemistry, physics, mathematics, and related disciplines, which is reflected in our good positions in national rankings.
We combine an in-depth eduacation in the three basic scientific disciplines leading to Bachelor, Master and doctoral degrees with the offer
of specific interdisciplinary study programs as well as structured programs on the doctoral level.

Studying at the Faculty of Natural Sciences II
Chemistry, physics, mathematics
The faculty offers education at undergraduate, masters
and postgraduate level in the classical fields of chemistry,
physics and mathematics and has an additional focus
on related interdisciplinary education with Bachelor
and Master programs in Medical Physics, Economathematics and Polymer Materials Science. Other programs
like the studies in food chemistry and the teacher trai
ning in chemistry, physics, astronomy and mathematics
prepare students for external final examinations like
the German Staatsexamen.
Undergraduate study
The faculty offers exciting course programs and optimal
conditions for learning and studying that are very well
recognized in national rankings. The major fields of study
are chemistry, physics and mathematics and their appli
cations in the natural sciences. Specialized Bachelor
programs offer degrees in Medical Physics and Economathematics. Already on the Bachelor level, students
get involved in high-level research performed at the
different institutes.

Masters study
Different Master programs are set up to provide a full
education in science, paving the path for excellent career
opportunities. The consecutive Bachelor and Master
programs in Chemistry, Physics, Medical Physics, Mathematics and Economathematics combine the high scientific level of traditional German diploma degrees with
the benefits of the common European higher education
area according to the Bologna Accords.
The consecutive programs are accompanied by an internationally oriented Master program in Polymer Mate
rials Science taught in English language. The program
attracts international as well as German students who
enjoy an interdisciplinary topic and a multi-cultural
learning environment and atmosphere. In autumn 2012,
the faculty plans to introduce the new Master program
in Renewable Energies that will provide a sound basis of
chemical and physical knowledge and skills on this very
timely topic.
Based on a flexible curriculum, all Master programs
provide structured, graduate-level education in advanced
research methods. The graduate students get in close
contact with research groups in one of the institutes or
in other local research institutions.

Postgraduate Research
Postgraduate research and qualification
Postgraduate research at the Faculty of Natural Sciences II
is typically performed in the framework of a research
project in one of the groups at the Institutes of Chemistry,
Physics, Mathematics, or at the different local research
institutions. Postgraduate students are commonly employed as regular temporary half- to full-time staff
members and have furthermore access to the post
graduate qualification program of the International
Graduate Academy (InGrA) at Martin Luther University.
International Graduate Academy (InGrA)
InGrA is the “roof” for all structured doctoral program
mes at Martin Luther University. It supports graduate
students in all phases of their studies up to a successful
start of a professional carrier and aims at gender equality
and an increasing number of international graduate
students.
Doctoral degrees
The Faculty of Natural Sciences II offers doctoral degrees
in Natural Sciences (Dr. rer. nat., Dr.-Ing. or Dr. paed., all
equivalent to a PhD) in the fields of Chemistry, Physics,
Mathematics, or a related discipline after submission of
a suitable doctoral thesis (dissertation) and a doctoral
examination (defence).

Doctoral studies
Doctoral studies at Martin Luther University, like at
most German universities, do not involve the strict
course work that accompanies “PhD programs” in the
Anglo-Saxon system. In the classical German system,
admission to the doctoral student level requires a Diploma or an equivalent Master degree. Applicants on the
Bachelor level need to pass one of our Master programs
before entering the postgraduate stage.
Structured doctoral programmes
Depending on their research topic, the postgraduate students may, in addition to the thesis-related research
work, get the opportunity to join a “Graduate School”
(e.g., within a Research Training Group or a Collaborative
Research Center of the DFG), and thus to participate in
a dedicated doctoral training programme, for which a
separate certificate is issued along with the degree.
As one example, in a joint initiative of the Max Planck
Institute of Microstructure Physics, the Institute of Phy
sics at Martin Luther University Halle-Wittenberg and
the Fraunhofer Institute for Materials Mechanics, the
International Max Planck Research School for Science
and Technology of Nanostructures (Nano-IMPRS) was
established to support excellent young scientists on their
way to a doctorate or PhD degree in this specific area.
Other programmes can be found on our web pages:
http://www.natfak2.uni-halle.de/promotion
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