
Graduate School                                         
Building with Molecules and Nano-objects

Annual Report 2016



Founded as DFG Graduate School 185 in 2007

Graduate School 
Building with Molecules and Nano-objects

Annual Report 2016

 ⇒ Publisher: Graduiertenschule “Leipzig School of Natural Sciences – 
Building with Molecules and Nano-objects (BuildMoNa)”
Universität Leipzig, Johannisallee 29, 04103 Leipzig, Germany
Tel.: +49 341 97-36015, Fax.: +49 341 97-39317
buildmona@uni-leipzig.de, www.buildmona.de

 ⇒ Authors: Prof. Dr. B. Abel, Prof. Dr. A.G. Beck-Sickinger, Prof. Dr. F. Cichos, 
Prof. Dr. P.D. Esquinazi, Prof. Dr. R. Gläser, Prof. Dr. M. Grundmann, 
Prof. Dr. J. Haase, Prof. Dr. H. Harms, Prof. Dr. Thomas Heine,
Prof. Dr. Dr. h.c. mult. E. Hey-Hawkins, Dr. A. Hildebrand, Prof. Dr. Huster,
Prof. Dr. W. Janke, Prof. Dr. J.A. Käs, Prof. Dr. B. Kersting, Prof. Dr. F.-D. Kopinke,
Prof. Dr. H. Krautscheid, Prof. Dr. F. Kremer, Prof. Dr. K. Kroy, Prof. Dr. S. Mayr,
Prof. Dr. J. Meijer, Prof. Dr. F. Otto, Prof. Dr. T. Pompe, Prof. Dr. Dr. h.c. B. Rauschenbach, 
Prof. Dr. A.A. Robitzki, Prof. Dr. B. Rosenow, Prof. Dr. Ralf Seidel 

 ⇒ Editor: Dr. A. Hildebrand

 ⇒ Photographers: Swen Reichhold, Sebastian Willnow, Jan Woitas, Benjamin Bigl, Christian Hüller

 ⇒ Design & Layout: Tim Klinger, Franziska Becker, Leipzig, meantrafi k.com

 ⇒ Production: Merkur Druck- & Kopierzentrum GmbH, Leipzig

Cover image:
 ⇒ Left: Computed polarisation in terms of the Stokes vector for a cavity photon mode of an anisotropic 
microcavity depending on the in-plane momentum in the entire hemisphere. An optically uniaxial cavity 
medium with positive birefringence is assumed. The optic axis is aligned in the cavity plane and vertical 
in the plot. Colour represents the S3 component (circular polarisation), arrows depict the projection of the 
Stokes vector in the S1–S2 plane (linear polarisation). The positions of exceptional points (pure circular 
polarisation) are marked by the white dots.

 ⇒ Right: The image shows a 100 x 100 μm section of electron irradiated collagen (concentration: 2 mg/ml, 
dose: 50 kGy) obtained by confocal laser-scanning microscopy.

 ⇒ Bottom: Dinuclear nickel complexes supported by macrocyclic hexaaza-dithiophenolate ligands form 
a unique class of stable thiolate-halogen CT complexes (Hal = Br or I), in which short S-Hal bonds are 
always correlated to long Hal-Hal bonds and vice versa. The donating ability of the bridging thiolate 
functions was found to be similar to those of thioether or thiones as suggested by X-ray crystallographic 
analysis and accompanying DFT calculations.
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groups worldwide that are concerned with the investigation of the physical mecha-
nisms underlying cancer progression. Science-related events included the third An-
nual BuildMoNa Conference, which especially provided a platform for interdisci-
plinary exchange and discussion within the Graduate School.

Although the funding by the DFG within the German Excellence Initiative ex-
pired in October 2014, BuildMoNa will for now be continued with fi nancial support 
from other sources as a class at the Research Academy Leipzig until October 2017.

 Prof. Dr. Evamarie Hey-HawkinsProf. Dr. Evamarie Hey-Hawkins

Leipzig school of natural sciences – 
the ninth year of building with 
molecules and nano-objects

Preface Prof. Dr. Dr. h.c. mult. Evamarie Hey-Hawkins

The Graduate School BuildMoNa focuses on interdisci-
plinary education of young scientists based on excellent 
research. The materials research concept is based on a 
“bottom-up” approach. Progressive building blocks, such 
as nano-objects, smart molecules, polymeric scaffolds, 
peptides and active proteins, will be combined — prefer-
entially by self-organisation — to create fundamentally 
new classes of materials that are inspired by active, adap-
tive living matter, and which are environmentally friend-
ly, highly effi cient, low-cost devices serving multifunc-
tional purposes for a steadily more diversifi ed modern 
society. The paradigm shift from uniform bulk materials towards nanostructured 
multifunctional materials that emerge from combinations of smart molecules, pro-
teins and nano-objects is essential for future knowledge transfer from fundamental 
to applied sciences.

Since the establishment of the Graduate School in 2007, the number of doctoral 
candidates has continuously grown. At the end of 2016, 53 doctoral candidates have 
been enrolled as members of BuildMoNa. Additionally, 127 young scientists have 
already fi nished their doctoral studies. In 2016, 5 doctoral candidates were funded 
by a DAAD-GSSP scholarship, and 67 doctoral candidates were funded by third-
party grants. 

The Graduate School provides a well-structured training programme including 
multi-disciplinary scientifi c training and a transferable skills programme in co-
operation with the Research Academy Leipzig. The scientifi c training programme 
consists of introductory modules to bridge interdisciplinary gaps, thematic modules 
and advanced modules linked to ongoing research and technological applications. 
Each year, one of the advanced modules is organised as an international minisym-
posium. In 2016, the minisymposium “Physics of Cancer” was organised by the 
research group of Prof. Josef Käs and brought together researchers from pioneering 

Preface
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The Graduate School BuildMoNa is a class of the Research Academy Leipzig within 
the Graduate Centre Mathematics / Computer Science and Natural Scie nces, its 
director being Prof. Dr. M. Droste. BuildMoNa is represented within the Research 
Academy by Prof. Dr. Dr. h.c. mult. E. Hey-Hawkins as Research Academy Board 
member and by Peter Schlupp as representative of the doctoral candidates. 

The Research Academy Leipzig Advisory Board evaluates the scientific activities 
of the Graduate School by accepting the annual report and providing recommenda-
tions for further development. 

BuildMoNa’s Steering Committee’s major tasks are: coordination of activities in-
cluding advertising, marketing and recruiting in collaboration with the Graduate 
Centre, management of the recruiting process, establishment and organisation of 
the training programme, identifying and monitoring whether the programme’s de-
liverables and milestones are achieved, management of the collaboration with other 
involved scientific institutions and industrial partners, management of funds, and 
reporting. 

The Speaker of the Graduate School is head of the Steering Committee as well as 
the external representative of BuildMoNa. 

The spokespersons of the doctoral candidates are responsible for communication 
between different faculties considering doctoral candidates’ issues. They elect one 
spokesperson, who represents the doctoral candidates within the Steering Commit-
tee.

The BuildMoNa Office consists of one professional scientific manager (half-time 
position) and one multilingual secretary (part-time position), who support the 
Steering Committee. They coordinate the doctoral training activities and ensure 
information and communication between participating scientists, doctoral candi-
dates, visiting researchers, and collaboration partners (non-university and indus-
trial). The Office has regular business hours, especially for requests from applicants 
or doctoral candidates.

Leibniz Institute of
Surface Modification
M.Sc. Phys. Alina Bischoff

Institute of Medical Physics
and Biophysics
Dipl.-Phys. Martin Göse

Organisation and management

BuildMoNa OFFICE

Scientific Manager
Dr. Alexandra Hildebrand

Multilingual Secretary
Isabel HolzkeRESEARCH ACADEMY DIRECTORATE 

OF THE GRADUATE CENTRE  
MATHEMATICS/COMPUTER SCIENCE 
AND NATURAL SCIENCES

STEERING COMMITTEE

Speaker of  
the Graduate School
Prof. Dr. Dr. h.c. mult.
Evamarie Hey-Hawkins

Deputy
Prof. Dr. Marius Grundmann

Representative of  
Doctoral Candidates
M.Sc. Phys. Peter Schlupp

Deputy
M.Sc. Phys. Martin Glaser

Representatives of 
Principal Investigators
Prof. Dr. Bernd Abel
Prof. Dr. Annette G. Beck-Sickinger
Prof. Dr. Frank Cichos
Prof. Dr. Daniel Huster
Prof. Dr. Frank-Dieter Kopinke
Prof. Dr. Harald Krautscheid
Prof. Dr. Felix Otto

Prof. Dr. Manfred Salmhofer 
Universität Heidelberg

Prof. Dr. Julia Fischer 
Universität Göttingen

Prof. Dr. Michael Geyer 
University of Chicago 

RESEARCH ACADEMY LEIPZIG ADVISORY BOARD

SPOKESPERSONS OF THE DOCTORAL CANDIDATES

Faculty of Biosciences, 
Pharmacy and Psychology
M.Sc. Chem. Jan-Patrick Fischer

Faculty of Chemistry  
and Mineralogy
Dipl.-Ing. Felix Link 
M.Sc. Chem. Antonio Buzharevski

Faculty of Physics 
and Earth Sciences
M.Sc. Phys. Peter Schlupp 
M.Sc. Phys. Martin Glaser

RESEARCH ACADEMY LEIPZIG

Helmholtz Centre for
Environmental Research
M.Sc. Chem. Yuting Guo

Prof. Dr. Henrike Hartmann 
Volkswagen Stiftung

Prof. Dr. Peter Scherrer 
University of Graz

Prof. Dr. Bernhard Englitz 
Radboud University 
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Title and Name First / Second Supervisor Working title of doctoral thesis

M.Sc. Chem. Anika Gladytz Prof. Dr. B. Abel /  
Prof. Dr. A.G. Beck-Sickinger

Nanospectroscopy near chemical 
and biological interfaces

M.Sc. Phys. Martin Glaser Prof. Dr. J. Käs / 
Prof. Dr. S. Mayr

Investigation of actin structures

M.Sc. Chem. Florian Glasneck Prof. Dr. B. Kersting / 
Prof. Dr. H. Krautscheid

Novel calix[4]arene derivatives 
and their complexation behaviour 
towards f-elements

M.Sc. Phys. Tom Golde Prof. Dr. J. Käs / 
Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins

Actin related contractile structures

M.Sc. Chem. Marta Gozzi Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. A.G. Beck-Sickinger

Nido-carbaborate complexes as 
cytotoxic agents

M.Sc. Chem. Toni Grell Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. B. Kersting

Preparation of phosphorus-rich 
metal phosphides on the basis of 
oligophosphanide complexes

M.Sc. Chem. Yuting Guo Prof. Dr. H. Harms / 
Prof. Dr. F.-D. Kopinke

Nanoparticle interactions with mi-
croorganisms on the molecular level

Dipl.-Phys. Tina Händler Prof. Dr. J. Käs /  
Prof. Dr. A. Robitzki

Principles of mechanosensitivity 
and durotaxis in mammalian cells

M.Sc. Phys. André Heber Prof. Dr. F. Cichos /  
Prof. Dr. M. Grundmann

Spatially resolved investigations of 
thermal transport in micro- and
nanostructures

M.Sc. Chem. Reinhard Hoy Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins /  
Prof. Dr. B. Kersting

Phospholane-based coordination 
cages for application in homoge-
neous catalysis

M.Sc. Chem. Astrid Jäschke Prof. Dr. B. Kersting /  
Prof. Dr. H. Krautscheid

Synthetic approaches towards novel 
calix[4]arene based f-metal recep-
tors

Dipl.-Math. Roger John Prof. Dr. J. Meijer / 
Prof. Dr. B. Rosenow

Coupling 13C-superlattices to 
single nitrogen vacancy centres in 
diamond

M.Sc. Chem. Ulrike Junghans Prof. Dr. R. Gläser / 
Prof. Dr. H. Krautscheid

Heterogeneously catalysed liquid 
phase oxidation of hydrocarbons 
over metal-organic frameworks

M.Sc. Phys. Robert Karsthof Prof. Dr. M. Grundmann /  
Prof. Dr. H. Krautscheid

Transparent photovoltaic cells

M.Sc. Phys. Max Kneiss Prof. Dr. M. Grundmann /  
Prof. Dr. H. Krautscheid

Optical properties and lateral trans-
port in MgxZn(1-x)O quantum well 
nanostructures: a new approach for 
diluted magnetic semiconducters

Doctoral candidates

Title and Name First / Second Supervisor Working title of doctoral thesis

M.Sc. Chem.  
Anup Kumar Adhikari

Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. B. Kersting

Synthesis and reactivity of phospho-
rus-rich compounds

M.Sc. Chem. Angela Aleksovska Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. B. Kersting

Photoactive metal-organic-frame-
works - synthesis and applications

M.Sc. Phys. Alina Bischoff Prof. Dr. S. Mayr / 
Prof. Dr. M. Grundmann

Mechanical characterisation and 
training of ferromagnetic iron-
palladium shape memory alloy thin 
films

M.Sc. Chem. Eng. 
Paul Cosmin Boar

Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. B. Kersting

Phosphorus-based metallacycles for 
applications in catalysis

M.Ed. Math./Phys.
Johannes Bock

Prof. Dr. W. Janke / 
Prof. Dr. F. Cichos

Computer simulations of semiflexi-
ble polymers in disordered media

Dipl.-Phys.  
Jakob Tómas Bullerjahn

Prof. Dr. K. Kroy / 
Prof. Dr. B. Abel

How a polymer breaks a bond

M.Sc. Chem. 
Antonio Buzharevski

Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. A.G. Beck-Sickinger

Synthesis, characterisation and 
evaluation of biologically active 
carborane derivatives of nonste-
roidal anti-inflammatory drugs 
(NSAIDs) that are known COX in-
hibitors to improve COX-2 selectiv-
ity and reduce side effects

M.Sc. Chem. Peter Coburger Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. B. Kersting

1,2-Dicarba-closo-dodecabo-
rane(12) as scaffold for the develop-
ment of new ligands with application 
in homogeneous catalysis

M.Sc. Chem. Milos Erak Prof. Dr. A.G. Beck-Sickinger/ 
Prof. Dr. T. Pompe

Synthesis of difficult and long pep-
tide sequences, modifications and 
activity testing

M.Sc. Phys. Gianmaria Falasco Prof. Dr. K. Kroy /  
Prof. Dr. F. Cichos

Non-equilibrium dynamics of heated 
and self-propelled nanoparticles

M.Sc. Chem. Jan-Patrick Fischer Prof. Dr. A.G. Beck-Sickinger/ 
Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins

Chemical modification and charac-
terisation of therapeuticaly relevant 
peptide hormones

M.Sc. Phys. Nataliya Georgieva Prof. Dr. J. Haase / 
Prof. Dr. B. Rosenow

Magnetic resonance of topological 
insulators
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Title and Name First / Second Supervisor Working title of doctoral thesis

M.Sc. Phys. Marcus Purfürst Prof. Dr. R. Gläser / 
Prof. Dr. M. Grundmann

Influence of soot loading on the 
catalytic behaviour of diesel 
particulate filters – experiment and 
modelling

M.Sc. Phys. Paul Räcke Prof. Dr. J. Meijer / 
Prof. Dr. M. Grundmann

High precision fabrication of quan-
tum sensor arrays via ion implanta-
tion

M.Sc. Phys. Steffen Richter Prof. Dr. M. Grundmann /  
Prof. Dr. J. Meijer

Spin polarisation investigations 
on exciton-polaritons and their 
condensates

M.Sc. Phys. Stefanie Riedel Prof. Dr. S. Mayr / 
Prof. Dr. A. Käs

Radiation assisted modification of 
gelatin and collagen for biomedical 
applications

M.Sc. Biotechnology  
Chiara Ruggirello

Prof. Dr. A.G. Beck-Sickinger/ 
Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins

Targeted tumor therapy by cell spe-
cific receptor internalisation

M.Sc. Chem. Stefan Saretz Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. A.G. Beck-Sickinger

Carbaboranes for medical applica-
tions

M.Sc. Phys. Philipp Schierz Prof. Dr. W. Janke /  
Prof. Dr. F. Kremer

Investigation of polymer aggrega-
tion by computer simulations

M.Sc. Phys. Peter Schlupp Prof. Dr. M. Grundmann /  
Prof. Dr. S. Mayr

Growth and optimisation of amor-
phous p- and n-type oxide semi-
conductors for electronic device 
applications

M.Sc. Chem.  
Benedikt Schwarze

Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. A.G. Beck-Sickinger

Metal carborate complexes with 
bioactive ligands as organometallic 
anticancer agents

M.Sc. Phys.  
Daniel Thomas Splith

Prof. Dr. M. Grundmann /  
Prof. Dr. S. Mayr

Investigation and optimisation of 
ß-Ga2O3 thin films and their applica-
tion for electronic devices

M.Sc. Chem. Axel Straube Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins / 
Prof. Dr. R. Gläser

Multi-ferrocene-based phosphorus 
ligands for homogeneous catalysis

M.Sc. Phys. Xinxing Sun Prof. Dr. B. Rauschenbach /  
Prof. Dr. S. Mayr

Phase change materials

Dipl.-Phys. Martin Thunert Prof. Dr. M. Grundmann /  
Prof. Dr. B. Rosenow

Bose-Einstein-condensation and 
superfluids of exciton-polaritons in 
ZnO-based microresonators

M.Sc. Chem. Steve Ullmann Prof. Dr. B. Kersting / 
Prof. Dr. H. Krautscheid

Extraction of rare earths by means 
of preorganised calixarene

Title and Name First / Second Supervisor Working title of doctoral thesis

Dipl.-Phys. Jonas Kohlrautz Prof. Dr. J. Haase /  
Prof. Dr. P. Esquinazi

Magnetic resonance under extreme 
conditions

Dipl.-Phys. Andrea Kramer Prof. Dr. K. Kroy /  
Prof. Dr. J. Käs

How temperature affects cell me-
chanics

M.Sc. Chem. Robert Kuhnert Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins /  
Prof. Dr. A.G. Beck-Sickinger

Carbaboranes as phenyl mimetics in 
biologically active substances

Dipl.-Phys. Anja Landgraf Prof. Dr. S. Mayr / 
Prof. Dr. B. Rauschenbach

Magneto-mechanical characterisa-
tion and training of single crystal-
line FePd films for the purpose of 
designing a thin film membrane 
pump

Dipl.-Phys. Fritz Lehnert Prof. Dr. S. Mayr /  
Prof. Dr. B. Rauschenbach

Ion-aided synthesis and investiga-
tion of nanoporous materials

M.Sc. Phys. Susann Liedtke Prof. Dr. B. Rauschenbach / 
Prof. Dr. J. Meijer

Sculptered metal films

Dipl.-Ing. Felix Link Prof. Dr. R. Gläser / 
Prof. Dr. F.-D. Kopinke

Diesel exhaust catalyst deactivation 
by biofuel-originated poisons and 
hydrothermal treatment

M.Sc. Phys. Jürgen Lippoldt Prof. Dr. J. Käs /  
Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins

Stochastic analysis of plasma 
membrane fluctuations of neuronal 
growth cones

Dipl.-Phys. Martin Marenz Prof. Dr. W. Janke /  
Prof. Dr. F. Kremer

Development of a coarse-graining 
procedure for polymer adsorption

M.Sc. Chem. Georgia Mhanna Prof. Dr. R. Gläser / 
Prof. Dr. A.G. Beck-Sickinger

Hexagonal mesoporous silicates 
for immobilisation of multi-enzyme 
conjugates

M.Sc. Phys. Tom Michalsky Prof. Dr. M. Grundmann /  
Prof. Dr. F. Cichos

Light-matter interaction in systems 
of reduced dimensionality

M.Sc. Phys. Erik Morawetz Prof. Dr. J. Käs /  
Prof. Dr. S. Mayr

Optical deformability and tumour 
aggressiveness

Dipl.-Phys. Andreas Müller Prof. Dr. T. Pompe /  
Prof. Dr. A.G. Beck-Sickinger

Peptide friction in cell adhesion

M.Sc. Chem. Juan Antonio 
Navarro Garcia-Cervignon

Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins /  
Prof. Dr. B. Kersting

Metal-organic frameworks with 
chiral binaphthalene-based linkers

M.Sc. Chem. John Popp Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins /  
Prof. Dr. B. Kersting

Redox-switchable catalysis with 
P-stereogenic dendritic ferrocenyl 
phosphine complexes

M.Sc. Mater. Sci. Eng. Rafaella 
Lima de Meneses Precker

Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins /  
Prof. Dr. D. Huster

MOFs as drug carriers for cancer 
therapy
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Title and Name First / Second Supervisor Working title of doctoral thesis

M.Sc. Phys. Marcel Wille Prof. Dr. M. Grundmann /  
Prof. Dr. H. Krautscheid

Whispering gallery modes: influence 
of the resonator shape on lasing 
properties

B.Sc. Eng. Emilia Wisotzki Prof. Dr. S. Mayr /  
Prof. Dr. J. Käs

Interaction of nanoparticles and 
polymers with biological matter for 
mechanical coupling

M.Sc. Biochem. Dennis Worm Prof. Dr. A.G. Beck-Sickinger/ 
Prof. Dr. Dr. h.c. mult. 
E. Hey-Hawkins

Synthesis and biochemical evalua-
tion of carbaborane-modified pep-
tide ligands

M.Sc. Nanosc.  
Muhammad Ayman Zaheer

Prof. Dr. R. Gläser / 
Prof. Dr. Kopinke

Studying of diffusion in reacting 
catalytic systems by means of NMR 
spectroscopic methods

Dipl.-Math. Heinrich-Gregor 
Zirnstein

Prof. Dr. B. Rosenow /  
Prof. Dr. M. Grundman

Topological aspects of dirac fermi-
ons in condensed matter systems

Title and Name First / Second Supervisor Title of doctoral thesis

Dr. rer. nat. Uta Allenstein Prof. Dr. S. Mayr /  
Prof. Dr. J. Käs

Dynamic mechanical cell manipu-
lation and characterisation using 
magnetostrain

Dr. rer. nat. Michael Bonholzer Prof. Dr. M. Grundmann / 
Prof. Dr. B. Kersting

Magneto-tunnel junctions with 
oxidic contacts

Dr. rer. nat. Annemarie Finzel Prof. Dr. B. Rauschenbach /  
Prof. Dr. B. Abel

Ion-beam assisted deposition of 
gallium nitride films

Dr. rer. nat. Niklas Fricke Prof. Dr. W. Janke / 
Prof. Dr. K. Kroy

Polymer conformations in disor-
dered environments

Dr. rer. nat. Martin-Patrick Göse Prof. Dr. D. Huster / 
Prof. Dr. T. Pompe

Surface functionalisation of layer-
by-layer coated colloidal microcar-
riers for specific cell uptake

Dr. rer. nat. Alexander Janot Prof. Dr. B. Rosenow /  
Prof. Dr. M. Grundmann

Quantum condensates-coherence, 
fluctuations and disorder

Dr. rer. nat. Cathleen Jendrny Prof. Dr. A.G. Beck-Sickinger/ 
Prof. Dr. Dr. h.c. 
E. Hey-Hawkins

Design and development of peptides 
for therapeutic application

Dr. rer. nat. Karolin Kobalz Prof. Dr. H. Krautscheid /  
Prof. Dr. B. Kersting

Bis(carboxyphenyl)-1,2,4-Triazole 
als Linker für poröse Koordina-
tionsnetzwerke: Synthese, Charakte-
risierung und Adsorptionsuntersu-
chungen

Dr. rer. nat. Andy Schmied Prof. Dr. Dr. h.c. 
E. Hey-Hawkins /  
Prof. Dr. R. Gläser

Phosphorus-based nano-frames

Dr. rer. nat. 
Ria Anne-Rose Schönauer

Prof. Dr. A.G. Beck-Sickinger/  
Prof. Dr. Dr. h.c. 
E. Hey-Hawkins

Chemical modification of peptide 
analogues

Alumni 2016
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GENDER RATIO OF  
DOCTORAL CANDIDATES:

FUNDING OF THE DOCTORAL 
CANDIDATES’ SCHOLARSHIPS:

ORIGIN OF DOCTORAL CANDIDATES:

male

female
DAAD
scholarship

external funding

Germany

other European countries

North America

Statistics
Biophysical and macromolecular 
chemistry

Prof. Dr. Bernd Abel
M.Sc. Chem. Anika Gladytz

The Abel group at the IOM and the Universität Leipzig works in the fields of bio-
physical chemistry and macromolecular chemistry, as well as smart functional ma-
terials and surfaces. Structure and dynamics are investigated with the long-term 
goal of obtaining fundamental knowledge about light-matter and particle-matter 
interaction and about new smart functional materials. Another goal is also to de-
velop new molecular and analytical probes for fundamental research and to develop 
advanced materials and analytical devices for industry and industrial applications.

Within BuildMoNa we investigate amyloid aggregation and fibrillation with na-
noscale imaging and spectroscopic techniques and we aimed at monitoring struc-
tures of aggregated proteins near interfaces of nanoparticles to resolve the question 
whether nanoparticles may induce Alzheimer’s disease (A. Gladytz).

Research Topics

AsiaSouth America
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T og ether with A.  Beck-Sicking er’ s g roup and  A.  Rob itzki’ s g roup we also stud y 
and  d ev elop b iof unctionalised  surf aces,  i. e. ,  proteins/ peptid es and  b iomolecules 
such as enzymes immob ilised  and  b ound  to ox id ic and  metal surf aces f or b iocom-
patib le interf aces and  b iomolecule assays as well as electronic d ev ices.  Peptid e 
b ased  multif unctional molecules are employed  as anchors f or cells near inorg anic 
interf aces.  M olecular ad sorption and  structure f ormation are inv estig ated  v ia a 
numb er of  nov el imag ing  and  spectroscopic techniq ues (A.  G lad ytz).  Another b ig  
research f ocus of  the Ab el g roup at Build M oN a at present is time-resolv ed  d ynam-
ics and  structure of  chemical and  b iolog ical molecular systems at water interf aces 
(T .  G lad ytz).  T he analytical tools here are mainly ultraf ast laser systems.  W ith J .  
M eij er and  P.  E sq uinazi we are currently pushing  instrument d ev elopment toward s 
nanoscale (mag netic) imag ing  at surf aces b ased  upon cryo-AF M / C F M  sensors.
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Wilhelm Ostwald Institute for Physical  
and Theoretical Chemistry
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Chemical modification of peptides 
and  proteins

Prof. Dr. Annette G. Beck-Sickinger
M.Sc. Chem. Milos Erak, M.Sc. Chem. Jan-Patrick Fischer, Dipl.-Pharm. Cathleen Jendrny, 
M.Sc. Biotechnol. Chiara Ruggirello, Dipl.-Biol. Ria Anne-Rose Schönauer, M.Sc. Biochem. 
Dennis Worm

T he common aim of  the proj ects includ es the synthesis and  characterisation of  
chemically modified peptides and proteins to modulate their function. This includes 
proteins inv olv ed  in tumour targ eting ,  proteins f or nanomed icine or b iomaterial 
d ev elopment.  Peptid es are synthesised  b y solid  phase peptid e synthesis.  Proteins 
are ex pressed  recomb inantly and  f used  to the peptid es b y nativ e chemical lig ation 
or click chemistry.

In 2016, Ria Annerose Sch|nauer and Cathleen Jendrny successfully finished 
their PhD theses in the field of chemical modification of peptides. Ria succeeded 
in the chemical stab ilisation of  ad renomed ullin,  a peptid e inv olv ed  in v asod ilation,  
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⇐  M olecular d ynamics simulation (A.  G la d ytz 
/  H .  J .  Risselad a) of  peptid e ag g reg ation and  
structure f ormation near g old  nanoparticles.  

 ⇒ Multifunctional Coating Improves Cell Adhesion on Titanium by using Cooperatively Acting Peptides 
M .  Pag el,  R.  H assert,  T .  J ohn,  K .  Braun,  M .  W ieß ler,  B.  Ab el,  A. G .  Beck-Sicking er /  Ang ew.  C hem.  I nt.  E d .  
(2016) 55 48 26

 ⇒ A Detailed Analysis of the Morphology of Fibrils of Selectively Mutated Amyloid beta (1– 40) 
J .  Ad ler,  M .  Baumann,  B.  V oig t ,  H . A.  Scheid t ,  D .  Bhowmik,  T .  H ä upl,  B.  Ab el,  P. K .  M ad hu,  J .  Balb ach,  S.  
M aiti,  D .  H uster /  C hemPhysC hem (2016) 17 27 44

 ⇒ Peptides#mica: from $ffinity to $dhesion 0echanism 
A.  G lad ytz,  T .  J ohn,  T .  G lad ytz,  R.  H assert,  M .  Pag el,  H . J .  Risselad a,  S.  N aumov ,  A. G .  Beck-Sicking er,  B.  
Ab el /  Phys.  C hem.  C hem.  Phys.  (2016) 18 23516

 ⇒ Gold-Induced Fibril Growth: The Mechanism of Surface-
Facilitated Amyloid Aggregation 
A.  G lad ytz,  B.  Ab el,  H . J .  Risselad a /  Ang ew.  C hem.  I nt.  E d .  
(2016) 55 11242

 ⇒ Peptide-0ediated Specific Immobilisation of Catalytically 
Active Cytochrome P450 BM3 V ariant 
S.  Z ernia,  F .  O tt ,  K .  Bellmann-Sickert,  R.  F rank,  M .  K lenner,  
H . - G .  J ahnke,  A.  Prag er,  B.  Ab el,  A.  Rob itzki,  A. G .  Beck-
Sicking er /  Bioconj ug ate C hem.  (2016) 27 109 0
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which is v ery promising  f or the treatment of  acute lung  d iseases.  She d ev eloped  a 
suitable synthesis strategy that allowed the site specific introduction of modifica-
tions like f atty acid s,  methyl g roups or lactams.  F urthermore,  she d ev eloped  cell 
based signalling assays in order to evaluate the activity of all modified variants of 
ad renomed ullin.  I n ad d ition,  she thoroug hly ev aluated  the metab olic stab ility of  
the compound s in b lood  plasma as well as in liv er homog enates.  Based  on these 
d ata she could  d ev elop a super-stab le ad renomed ullin v ariant b y comb ining  sev eral 
modifications in one peptide. Additionally, she investigated the fate of the peptide 
af ter receptor b ind ing  and  f ound  that b oth peptid e and  receptor internalise and  are 
d eg rad ed  in liposomes rather than recycle b ack to the memb rane.

C athleen J end rny stud ied  the interaction b etween the serin protease kallikrein 
7  (K L K 7 ) and  v aspin.  H er g oal was to d ev elop peptid ic mimetics of  v aspin that 
are ab le to inhib it K L K 7  as well as peptid ic inhib itor of  the v aspin-K L K 7  interac-
tion.  She successf ully synthesised  peptid ic inhib itors of  K L K 7  b y introd ucing  se-
q uences out of  the v aspin and  other inhib itory proteins reactiv e center loop into the 
sunflower trypsin inhibitor scaffold. With these peptides she did thorough enzyme 
kinetic stud ies on K L K 7  as well as other kallikreins and  f ound  v aluab le d ata on the 
activ ity and  selectiv ity of  these peptid es.  I n ad d ition,  she could  elucid ate the b ind -
ing  site of  a peptid e that b ind s to a serin protease inhib itory protein called  Protein 
Z  d epend ent protease inhib itor (Z PI ).  T his may perspectiv ely help to g enerate im-

⇑  Introduction of several modifications into adrenomedullin led to a 13-fold stabilisation of the peptide against proteolytic degradation in 
human b lood  plasma (R.  Schö nauer et al.  /  J .  M e d .  C hem.  (2015) 12 569 5).

 ⇒ Development of Potent and Metabolically Stable APJ  Ligands with High Therapeutic Potential 
C .  J uhl,  S.  E ls-H eind l,  R.  Schö nauer,  G .  Red lich,  E .  H aaf ,  F .  W und er,  B.  Ried l,  N .  Burkhard t ,  A. G .  Beck-
Sicking er,  D .  Bierer /  C hemM ed C hem (2016) 11 237 8

 ⇒ The Structural Investigation of Glycosaminoglycan Binding to CXCL12 Displays Distinct Interaction Sites 
N .  Panitz,  S.  T heisg en,  S.  A.  Samsonov ,  J . -P.  G ehrcke,  L .  Baumann,  K .  Bellmann-Sickert,  S.  K ö hling ,  M . T .  
Pisab arro,  J .  Rad emann,  D .  H uster,  A. G .  Beck-Sicking er /  G lycob iolog y (2016) 26 1209

 ⇒ Peptides#mica: From $ffinity to $dhesion 0echanism 
A.  G lad ytz,  T .  J ohn,  T .  G lad ytz,  R.  H assert,  M .  Pag el,  H . J .  Risselad a,  S.  N aumov ,  A. G .  Beck-Sicking er,  B.  
Ab el /  Phys.  C hem.  C hem.  Phys.  (2016) 18 23516

 ⇒ Adrenomedullin 2. 0: Adjusting Key Levers for Metabolic Stability 
R.  Schö nauer,  S.  E ls-H eind l,  J . -P.  F ischer,  J .  K ö b b erling ,  B.  Ried l,  A. G .  Beck-Sicking er /  J .  M ed .  C hem.  
(2016) 12 569 5

 ⇒ 2n-Resin 'iels-$lder Reaction Zith InYerse (lectron 'emand: $n (fficient /igation 0ethod for Complex 
Peptides with a V arying Spacer to Optimise Cell Adhesion 
M .  Pag el,  R.  M eier,  K .  Braun,  M .  W iessler,  A. G .  Beck-Sicking er /  O rg .  Biomol.  C hem.  (2016) 14 48 09

 ⇒ 'ouble 0ethotrexate-0odified 1europeptide < $nalogues (xpress Increased 7oxicity and 2Yercome 'rug 
Resistance in Breast Cancer Cells  
D .  Bö hme,  J .  K rieg hof f ,  A. G .  Beck-Sicking er /  J .  M ed .  C hem.  (2016) 59 3409

 ⇒ Multifunctional Coating Improves Cell Adhesion on Titanium by U sing Cooperatively Acting Peptides 
M .  Pag el,  R.  H assert,  T .  J ohn,  K .  Braun,  M .  W iessler,  A. G .  Beck-Sicking er /  Ang ew.  C hem.  I nt.  E d .  (2016) 55 
48 26

 ⇒ Charge-Compensated Metallacarborane Building Blocks for Conjugation with Peptides 
R.  F rank,  V . M .  Ahrens,  S.  Boehnke,  A. G .  Beck-Sicking er,  E .  H ey-H awkins /  C hemBioC hem (2016) 17 308 

 ⇒ Inhibition of Kallikrein-Related Peptidases 7 and 5 
by Grafting Serpin Reactive Center Loop Sequences 
onto SunfloZer 7rypsin Inhibitor-� �SF7I-�� 
C .  J end rny,  A. G .  Beck-Sicking er /  C hemBioC hem 
(2016) 17 7 19  
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prov ed  inhib itors of  this interaction.
 The field of chemical modification of peptides and proteins is pursued success-
fully. Jan-Patrick Fischer further explores the field of adrenomedullin and its inter-
action with its receptor system.  H e aims to stab ilise d if f erent structural elements of  
the molecule and  to ev aluate their impact on the selectiv ity of  these peptid es.  D ennis 
W orm synthesises and  ev aluates carb ab oranylated  neuropeptid e Y  d eriv ativ es that 
ev entually will serv e as therapeutics within a b oron neutron capture therapy reg i-
men.  M ilos E rak d ev elops a synthesis strateg y f or the g eneration of  sing le-chain 
relax in-2,  a peptid e that is inv olv ed  in relax ation of  the cerv ix  uteri d uring  lab or.  I n 
O ctob er 2016,  C hiara Rug g irello j oined  the g roup as a D AAD -f und ed  stud ent and  
will work on peptid es coupled  to nanoparticles.
 I n ad d ition to current memb ers,  sev eral papers of  f ormer Build M oN a-memb ers 
hav e b een pub lished ,  includ ing  V erena Ahrens,  L ars Baumann,  Sylv ia E ls-H eind l,  
M areen Pag el and  D av id  Bö hme.  W ork achiev ed  d uring  their PhD  proj ect were d e-
layed  in pub lication owing  to collab orators.
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20 / 21 Programmed self-organisation of
artificial micro-swimmers

Self -org anisation is the g eneration of  ord er out of  local interactions in non-eq ui-
librium. It is deeply connected to all fi elds of science from physics, chemistry to 
b iolog y where f unctional liv ing  structures self -assemb le and  constantly ev olv e all 
b ased  on physical interactions.  T he emerg ence of  collectiv e animal b ehav iour,  of  
society or lang uag e are the results of  self -org anisation processes as well thoug h 
they inv olv e ab stract interactions arising  f rom sensory inputs,  inf ormation process-
ing ,  storag e and  f eed b ack resulting  in collectiv e b ehav iours as f ound  f or ex ample 
in crowds of people, fl ocks of birds, schools of fi sh or swarms of bacteria. This type 
of  v irtual interaction has so f ar not b een consid ered  in ex periments on microscale 
activ e particles.
 I n new ex periments,  we introd uce such inf ormation-b ased  interactions to the 
b ehav iour of  self -thermophoretic micro-swimmers.  A real-time f eed b ack of  other 
swimmer positions controls the swimming direction and speed (see fi gure top part). 
The emerging structures reveal frustrated geometries due to confi nement to two di-

Prog rammed  self -org anisation of
artifi cial micro-swimmers

Prof. Dr. Frank Cichos
M.Sc. Phys. André Heber
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mensions (see fi gure bottom part). Clusters of 4 swimmers reveal not the 3-dimen-
sional tetrahedral structure but rather a fl at structure with two isomers. Larger clus-
ters ev en rev eal the b ond  leng th b etween the swimmer “ atoms” ,  which are smaller 
than the ad j usted  b ond  leng th in the f eed b ack loop.
 All clusters d if f use like passiv e clusters of  colloid s b ut possess internal d ynami-
cal d eg rees of  f reed om that are d etermined  b y the f eed b ack to the activ e particles.  
As the inf ormation processing  in the f eed b ack loops can b e d esig ned  almost arb i-
trarily new perspectiv es f or self -org anisation stud ies inv olv ing  machine learning  
and  swarm intellig ence arise.  T hese ex periments hav e b een cond ucted  in collab ora-
tion with the g roup of  Prof .  Y ang  at the C hemistry D epartment of  Princeton U niv er-
sity.

 ⇒ Thermophoretic Trapping and Manipulation of Single Molecules
M .  Braun,  T .  T halheim,  K .  G ü nther,  M .  M ertig ,  F .  C ichos /  Proc.  SPI E  (2016) 9922 9 9 220Z

⇐  The fi gure shows the defi nitions for the feedback 
rules for a self-organisation of artifi cial microswim-
mers.  I f  the d istance b etween two swimmers is 
smaller than req ,  the swimmers are propelled  away 
f rom each other,  otherwise toward s each other (top 
two pictures).  T he lower imag es d isplay ex ample 
realisations of  the self -org anised  swimmer molecule 
structures tog ether with the correspond ing  simu-
lated  structures (lower pictures).
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N ano-scale inv estig ations on 
innov ativ e catalytic systems

Prof. Dr. Roger Gläser
M.Sc. Chem. Ulrike Junghans, Dipl.-Ing. Felix Link, M.Sc. Chem. Georgia Mhanna, M.Sc. 
Phys. Marcus Purfürst, M.Sc. Nanosc. Muhammad Ayman Zaheer

Innovative nanostructured catalysts with defined porosity on the nanometer scale 
and  tunab le activ e components continue to play a key role f or the solution of  current 
challenges in heterogeneous catalysis such as fluctuating reaction conditions, cata-
lyst stab ility and  mass transf er.  F ollowing  the principle approaches of  the g rad uate 
school,  the research in our g roup is f ocused  on the d esig n of  nov el materials and  their 
use as catalysts and  catalyst supports.  I n this respect,  we inv estig ate the potential of  
innov ativ e solid  support systems,  i. e. ,  hierarchical hex ag onal mesoporous silicates 
(H M S) f or the selectiv e immob ilisation of  multi-enzyme conj ug ates applied  in co-
f actor reg eneration or in cascad e reactions.  T wo mesopores systems with d if f erent 
pore wid ths are introd uced  into the H M S to enab le the immob ilisation of  enzymes 
with different sizes (see figure). Another research project deals with the partial oxi-
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 ⇒ %is�carboxyphenyl�-�,�,�-tria]ole %ased 0etal-2rganic FrameZorks: Impact of 0etal Ion Substitution on 
Adsorption Performance   
K .  K ob alz,  M .  K ob alz,  J .  M ö llmer,  U .  J ung hans,  M .  L ang e,  J .  Berg mann,  S.  D ietrich,  M .  W ecks,  R.  G lä ser,  H .  
K rautscheid  /  I norg .  C hem.  (2016) 55(14) 69 38

 ⇒ 'imethyl Carbonate Synthesis from Carbon 'ioxide by Ceria-=irconia Catalysts Prepared 8sing 7emplating 
0ethod: Characterisation, Parametric 2ptimisation and Chemical (quilibrium 0odeling 
P.  K umar,  P.  W ith,  V . C .  Sriv astav a,  K .  Shukla,  R.  G lä ser,  I . M .  M ishra /  RSC  Ad v ances (2016) 6 110235

d ation of  hyd rocarb ons on microporous metal-org anic f rameworks containing  tran-
sition metals under continuous-flow conditions in the liquid phase. Catalyst stability 
and  d eactiv ation d ue to poison d eposits present in trace amounts are inv estig ated  f or 
catalysts f or the selectiv e catalytic red uction of  nitrog en ox id es.  M ass transf er and  
diffusion are major challenges when using solid porous catalysts. In this field, we 
study the influence of soot deposited on catalytically coated diesel particle filters on 
the mass transf er of  reactants to the catalytic layer.  M olecular transport processes 
on the nano-scale,  i. e. ,  the prog ress of  mix ing  and  composition d uring  the course 
of  catalytic reactions in multi-component partially miscib le liq uid  mix tures are ad -
d ressed  using  in-situ and  in-operand o inv estig ations.  T hese includ e the utilisation of  
x enon g as,  which acts as an atomic nanosensor solv ated  in the reacting  mix ture with 
multinuclear N M R spectroscopy.

⇑  T ailoring  the porosity of  H M S f or the immob ilisation of  enzymes with d i f f erent sizes b y ad d ition of  small mesopores into a material 
with larg e mesopores v ia pseud omorphic transf ormation using  alkyltrimethylammonium hyd rox id es (C nT AO H ) and  alkyltrimethyl-
ammonium b romid es C nT ABrt.  
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T ypically d issipation is an unwanted  phenomenon,  lead ing  to loss of  motion,  waste 
heat and  the like.  Build M oN a stud ent Stef f en Richter has now pred icted  a stunning  
conseq uence of  d issipativ e processes in a microcav ity –  the emerg ence of  circularly 
polarised states without the presence of magnetic ions, magnetic fields or spin-orbit 
coupling ,  the usual ing red ients of  spintronics.  At the heart of  the new microcav ity 
physics lies the century-old  optics of  b iax ial anisotropic crystals,  translated  into a 
mod ern metamaterial f eaturing  two tailored  optic d irections.  But let' s unroll this 
one b y one.
 I t was W .  V oig t in 19 02 [ W .  V oig t:  %eitrlge ]ur $ufkllrung der (igenschaften 
pleochroitischer Kristalle /  Ann.  Phys.  (19 02) 314 367 ]  who und erstood  what hap-
pens to the optic ax es in the ab sorption reg ime of  b iax ial crystals (which can b e 
f rom the orthorhomb ic,  monoclinic and  triclinic crystal systems).  T he two optic 
ax es of  a b iax ial crystal in the transparency reg ime split into a total of  f our sing ular 

D on' t mourn the losses –  they g iv e 
you an ex ceptional point!

Prof. Dr. Marius Grundmann
M.Sc. Phys. Michael Bonholzer, M.Sc. Phys. Robert Karsthof, M.Sc. Phys. Max Kneiss, 
M.Sc. Phys. Tom Michalsky, M.Sc. Phys. Steffen Richter, M.Sc. Phys. Peter Schlupp, M.Sc. 
Phys. Daniel Thomas Splith, Dipl.-Phys. Martin Thunert, M.Sc. Phys. Marcel Wille

optic ax es in the ab sorption reg ime.  T his reg ime is characterised  b y a symmetric 
d ielectric tensor with imag inary components;  thus at the core of  the electrod ynamic 
prob lem stand s a non-H ermitian tensor,  similar to recent inv estig ations of  non-
H ermitian H amiltonians.  At such sing ular ax is,  the ind ex  of  ref raction is the same 
f or all polarisations,  now ex tend ing  to the real and imag inary part of  the ind ex  of  
refraction, i.e. speed of light and extinction coefficient. However, besides this de-
g eneracy of  the ind ex  of  ref raction the particularity is that only a single eigenvector 
ex ists and  the sing ular ax is is either lef t- or rig ht-circularly polarised ,  representing  
a chiral state.  Such sing ularity is also termed  exceptional point f rom the theory of  
d eg eneracies of  complex  matrices.
 T he loss of  time symmetry is d ue to the ab sorption process itself .  T he energ y 
d epend ence of  the d ielectric tensor of  such b iax ial b ulk crystal and  the spectral and  
ang ular position of  the ex ceptional points hav e b een inv estig ated  b y us [ C .  Sturm,  
M .  G rund mann:  Singular 2ptical $xes in %iaxial Crystals and $nalysis of 7heir 
Spectral 'ispersion (ffects in ȕ-*a2O3 /  Phys.  Rev .  A (2016) 93 0538 39 ]  f or mono-
clinic g allia (b-G a2O 3).  H owev er,  b ulk crystals of f er little d eg rees of  f reed om f or 
tailoring  the properties of  ex ceptional points reg ard ing  their energ y and  ang ular 
positions.  F or this purpose we hav e turned  our interest toward s anisotropic mi-
crocav ities [ S.  Richter,  T .  M ichalsky,  C .  Sturm,  B.  Rosenow,  M .  G rund mann,  R.  
Schmid t- G rund :  (xceptional Points in $nisotropic Planar 0icrocaYities /  Phys.  
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⇑  (a-h) Theoretical calculation of the modes in an anisotropic micro-cavity with five-period (1 = 5) D BR' s.  (a, b ) I n-plane d ispersion of  
the mod e energ ies,  and  (c) the d i f f erence of  mod e energ ies D E .  (d , e) I n-plane d ispersion of  the mod e b road ening ,  and  (f ) the d i f f er-
ence in mod e b road ening  Dg.  T he optic ax is of  the cav ity material is along  the y- d irection.  Panels (g , h) d epict the Stokes v ector com-
ponent S3 of  these two mod es.  T he ex ceptional points are at S3= ± 1.  (i) T he v ariation of  position of  the ex ceptional points in reciprocal 
space as a f unction of  the numb er 1 of  layer pairs in the D BR' s b etween 1 = 0 and  15.  
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Rev .  A (2017 ) 95 0238 36;  J .  Z ú ñ ig a-Pé rez,  L .  K appei,  C .  D eparis,  F .  Rev eret,  M .  
G rund mann,  E .  d e Prad o,  O .  J amad i,  J .  L eymarie,  S.  C henot,  M .  L eroux :  Homoepi-
taxial 1onpolar ���-��� =n2�=n0g2 +eterostructures: From Single /ayers to 
0onolithic %ragg Reflectors and 2ptical 0icrocaYities /  Appl.  Phys.  L ett.  (2016) 
108 2519 04] .  I n such system,  one optic d irection is g iv en b y the mirror ax is prov id -
ing  a cylind rical symmetry.  T he second  optic d irection is g iv en b y the c-ax is of  
the wurtzite (hex ag onal,  optically uniax ial) cav ity material that is oriented  perpen-
d icular or at least inclined  with respect to the mirror d irection.  T hus an ef f ectiv ely 
orthorhomb ic or monoclinic optical metamaterial is present.  I n our theory,  the M ax -
well eq uations are solv ed  using  a matrix  approach f ully consid ering  polarisation 
properties [ S.  Richter,  T .  M ichalsky,  L .  F ricke,  C .  Sturm,  H .  F ranke,  M .  G rund -
mann,  R.  Schmid t- G rund :  0axZell Consideration of Polaritonic 4uasi-Particle 
Hamiltonians in Multi-Level Systems /  Appl.  Phys.  L ett.  (2015) 107 231104 ] .
 T he pred iction mad e b y Stef f en Richer is that,  g iv en proper cav ity thickness,  
the photon loss f rom the cav ity alone (typically accounted  f or throug h mod e b road -
ening  g and  a complex  mod e energ y E + ig ) is enoug h to ev oke ex ceptional points 
(see figure page 27) [S. Richter, T. Michalsky, C. Sturm, B. Rosenow, M. Grund-
mann,  R.  Schmid t- G rund :  (xceptional Points in $nisotropic Planar 0icrocaYi-
ties /  Phys.  Rev .  A (2017 ) 95 0238 36] .  T his pub lication,  j ointly with Build M oN a 
PI s Prof s.  G rund mann and  Rosenow,  means that the g enerally elliptically polar-
ised  eig enmod es are circularly polarised  in certain d irections and  f or certain ener-
gies. Now it remains to verify these exciting predictions with artificial photonic 

 ⇒ Singular 2ptical $xes in %iaxial Crystals and $nalysis of 7heir Spectral 'ispersion (ffects in ȕ-*a2O3 
C .  Sturm,  M .  G rund mann /  Phys.  Rev .  A (2016) 93 0538 39

 ⇒ (xceptional Points in $nisotropic Planar 0icrocaYities  
S.  Richter,  T .  M ichalsky,  C .  Sturm,  B.  Rosenow,  M .  G rund mann,  R.  Schmid t- G rund  /  Phys.  Rev .  A (2017 ) 95 
0238 36 

 ⇒ +omoepitaxial 1onpolar ���-��� =n2�=n0g2 +eterostructures: From Single /ayers to 0onolithic %ragg 
Reflectors and 2ptical 0icrocaYities 
J .  Z ú ñ ig a-Pé rez,  L .  K appei,  C .  D eparis,  F .  Rev eret,  M .  G rund mann,  E .  d e Prad o,  O .  J amad i,  J .  L eymarie,  S.  
C henot,  M .  L eroux  /  Appl.  Phys.  L ett.  (2016) 108 2519 04

 ⇒ 2ptically $nisotropic 0edia: 1eZ $pproaches to the 'ielectric Function, Singular 2ptical $xes, 
Microcavity Modes and Raman Scattering Intensities 
M .  G rund mann,  C .  Sturm,  C .  K ranert,  S.  Richter,  R.  Schmid t- G rund ,  C .  D eparis,  J .  Z ú ñ ig a-Pé rez /  Phys.  
Status Solid i RRL  (2016) 11 160029 5

 ⇒ $bsorptiYe /asing 0ode Suppression in =n2 1ano- and 0icrocaYities 
M .  W ille,  T .  M ichalsky,  E .  K r ü g er,  M .  G rund mann,  R.  Schmid t- G rund  /  Appl.  Phys.  L ett.  (2016) 109 061102

 ⇒ Carrier Density Driven Material Dynamics of Las-
ing =n2 1anoZires 
M .  W ille,  C .  Sturm,  T .  M ichalsky,  R.  Rö d er,  C .  Ron-
ning ,  R.  Schmid t- G rund ,  M .  G rund mann /  N ano-
technol.  (2016) 27 2257 02
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layered structures. For the first anisotropic cavities, obtained in cooperation with 
C N RS-C RH E A in V alb onne,  b ased  on non-polar epitax y of  Z nO / (M g , Z n)O  Brag g  
mirrors and  cav ity,  Build M oN a stud ents Stef f en Richter and  T om M ichalsky hav e 
found that the eigenmodes are indeed elliptically polarised (see figure page 2�) [M. 
G rund mann,  C .  Sturm,  C .  K ranert,  S.  Richter,  R.  Schmid t- G rund ,  C .  D eparis,  
J .  Z ú ñ ig a-Pé rez:  2ptically $nisotropic 0edia: 1eZ $pproaches to the 'ielectric 
Function, Singular 2ptical $xes, 0icrocaYity 0odes and Raman Scattering In-
tensities /  Phys.  Status Solid i RRL  (2016) 11 160029 5] .  F urther optimisation of  
the cav ity g eometry and  material q uality will hopef ully lead  to the ex perimental 
realisation of  f ully circularly polarised  states.
 Related  work to the role of  ab sorption and  spatially inhomog eneous ab sorption 
and  g ain in nanostructures such as tetrapod s and  nanowires has b een pub lished  b y 
Build M oN a stud ents M arcel W ille and  T om M ichalsky [ M .  W ille,  T .  M ichalsky,  E .  
K r ü g er,  M .  G rund mann,  R.  Schmid t-G rund :  Absorptive Lasing Mode Suppression 
in =n2 1ano- and 0icrocaYities /  Appl.  Phys.  L ett.  (2016) 109 061102;  M .  W ille,  
C .  Sturm,  T .  M ichalsky,  R.  Rö d er,  C .  Ronning ,  R.  Schmid t- G rund ,  M .  G rund -
mann:  Carrier 'ensity 'riYen 0aterial 'ynamics of /asing =n2 1anoZires /  
N anotechnol.  (2016) 27 225702]. For the first time a critical analysis has been per-
f ormed  of  optically pumped  lasing  in nanostructures taking  into account in theory 
the spatially inhomog eneous ex citation and  the related  carrier d ynamics and  the 
ef f ect of  time-d epend ent carrier d ensity on the ind ex  of  ref raction in v arious parts 
of  the structures.

⇑  (a) Scattering  g eometry f or transmission ex periments on an m-plane anisotropic Z nO / ( M g , Z n)O  microcav ity (optic ax is of  cav ity 
material “c-axis” is perpendicular to the growth direction). (b) Stokes vector components of the cavity mode dispersion. The finite 
v alues of  S3 (circularly polarised  lig ht has S3= ± 1) ind icate elliptical polarisation states;  f or Brag g  b and  mod es | S3|  is ab out 0. 15,  f or 
the cav ity mod es 0. 05-0. 07 .  T his result ind icates alread y partially coalesced  eig enstates.  

(a) (b )
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N uclear mag netic resonance of
mod ern materials

Prof. Dr. Jürgen Haase
M.Sc. Phys. Nataliya Georgieva, Dipl.-Phys. Jonas Kohlrautz

O ur g roup applies N uclear M ag netic Resonance (N M R) and  E lectron Paramag netic 
Resonance f or materials science with f ocus on hig h-temperature-supercond uctors,  
topolog ical insulators,  and  porous materials.  T he ef f orts in materials research are 
accompanied  b y the d ev elopment of  new method s such as hig h-pressure N M R and  
NMR at the highest fi elds.

O ne topic supported  b y Build M oN a was the inv estig ation of  the mod el 3D  topo-
log ical insulator Bi2Se3.  T his class of  materials is of  g reat current interest as it 
represents a new electronic state of  matter with d issipationless cond ucting  surf ace 
states and  an insulating  b ulk b and  g ap.  C rystals with d if f erent b ulk d oping  lev els 
and surface-to-volume ratios were studied leading to a fi rst identifi cation and char-
acterisation of  sig nals f rom d istinct lattice sites.  F urthermore,  a mag netic coupling  
caused  b y interb and  ex citations of  b ulk electrons was d iscov ered ,  d emand ing  a re-
interpretation of  pub lished  literature d ata [ Phys.  Rev .  B (2016) 93 19 5120] .

I n a collab oration with the D resd en H ig h M ag netic F ield  L ab oratory,  we estab -
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lished and applied NMR in pulsed magnets that give access to the highest fi elds for 
research.  Articles d etailing  shif t and  relax ation measurements [ J .  M ag n.  Reson.  
(2016) 263 1], as well as the detection of a fi eld-induced electronic spin superstruc-
ture in the spin-d imer system SrC u2(BO 3)2 using  reconstructed  b road  f req uency 
spectra [ J .  M ag n.  Reson.  (2016) 271 52]  were pub lished .  T hese ef f orts req uired  d if -
f erent approaches compared  with conv entional N M R ex periments d ue to the inher-
ent time-dependence of the external magnetic fi eld and our work pushed the state of 
the art consid erab ly.

Firstly, in case of the shift measurement, signal averaging across multiple fi eld 
pulses was d emonstrated .  Second ly,  an ad iab atic inv ersion with sub seq uent small 
angle read-out pulses showed the feasibility of single fi eld pulse T1 measurements.  
Finally, the inherent time-dependence was not only overcome, but used for a fi eld-
stepped acquisition of a � MHz broad spectrum with a single fi eld pulse instead of 
time-consuming fi eld-stepped spin-echo measurements as in previous attempts by 
others.

⇑  (a) M ag netisation of  Sr C u2(BO 3)2 for B__c at 2.1 K (data from Matsuda et al.). Arrows mark prior NMR work in DC fi elds. (b) Struc-
ture of  the mag netic superlattice in the 1/ 3 plateau (af ter T akig awa et al. ) with three d i f f erent 11B sites (red  numb ers).  (c) 11B N M R 
spectrum at ab out 54 T esla and  2 K .  D etails and  f urther ref erences in [ J .  M ag n.  Reson.  (2016) 271 51] .

 ⇒  77Se 1uclear 0agnetic Resonance of 7opological Insulator %i2Se3 
N . M .  G eorg iev a,  D .  Ryb icki,  R.  G uehne,  G . V . M .  W illiams,  S. V .  C hong ,  K .  K ad owaki,  I .  G arate,  J .  H aase /  
Phys.  Rev .  B (2016) 93 19 5120

 ⇒ 10R Shift and Relaxation 0easurements in Pulsed +igh-Field 0agnets up to �� 7
J .  K ohlrautz,  S.  Reichard t ,  E . L .  G reen,  H .  K ü hne,  J .  W osnitza,  J .  H aase /  J .  M ag n.  Reson.  (2016) 263 1

 ⇒ Field-Stepped %roadband 10R in Pulsed 0agnets and $pplication to SrCu2(BO3)2 at 54 T
J .  K ohlrautz,  J .  H aase,  E . L .  G reen,  Z . T .  Z hang ,  J .  
W osnitza,  T .  H errmannsd ö r f er,  H . A.  D ab kowska,  
B. D .  G aulin,  R.  Stern,  H .  K ü hne /  J .  M ag n.  Reson.  
(2016) 271 52
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Smart phosphorus- or carb ab orane-
containing  molecules and  transition-
metal complex es as b uild ing  b locks 
in catalysis,  materials science and  
med icinal chemistry

Prof. Dr. Dr. h.c. mult. Evamarie Hey-Hawkins
M.Sc. Chem. Anup Kumar Adhikari, M.Sc. Chem. Angela Aleksovska, M.Sc. Chem. Eng. 
Paul Cosmin Boar, M.Sc. Chem. Antonio Buzharevski, M.Sc. Chem. Peter Coburger, M.Sc. 
Chem Marta Gozzi, M.Sc. Chem. Toni Grell, M.Sc. Chem. Reinhard Hoy, M.Sc. Chem. 
Robert Kuhnert, M.Sc. Chem. Juan Antonio Navarro Garcia-Cervignon, M.Sc. Chem. 
John Popp, M.Sc. Mater. Sci. Eng. Rafaella Lima de Meneses Precker, M.Sc. Chem. Stefan 
Saretz, M.Sc. Chem. Benedikt Schwarze, Dr. Andy Schmied, M.Sc. Chem Axel Straube

T he H ey-H awkins g roup f ocuses on smart molecular precursors f or nov el materials 
(b inary metal phosphid es,  polymers,  hyb rid  materials),  catalysis (b io-inspired  and  
switchab le catalysts) and  b iosciences (carb ab orane clusters and  antitumour d rug s).
Smart Catalysts: Phosphorus-based ligands play an important role in homog eneous 
catalysis.  W e d esig n f unctionalised  phosphine lig and s containing  suitab le g roups 

(ferrocene - see fi gure, aromatics, heterocycles, etc.) to modify their donor-acceptor 
properties in situ (i. e. ,  electrochemically,  U V -V is spectroscopically,  b y mod if ying  
the temperature or the pH ,  etc. ) and  to d ev elop in this way ” switchab le“  phosphines 
f or catalytic applications (J .  Popp).  A new approach includ es C 3-symmetric lig and s 
(A.  Straub e) and  carb ab orane-b ased  (P.  C ob urg er) phosphine lig and s.
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Another approach f ocuses on the use of  selectiv e phosphorus-b ased  macrocycles 
or nano-f rames (P.  C .  Boar,  R.  H oy,  A.  Schmied ),  and  containers,  or cav ities (f unc-
tionalised  (S)-BI N O L  as linkers) in metal-org anic f rameworks (M O F s) with well-
defi ned structure and porosity (J. A. Navarro). These compounds can be used as 
receptors f or catalytically activ e transition metals,  g enerating  molecular nanosized  
reactors that should allow specifi c interactions of the cavity with substrates during 
a catalytic process.  V ariation of  the coord inated  metal atom or the size of  the cav ity 
will infl uence the selectivity in catalytic processes. 
From 0olecules to 1oYel 0aterials:
Molecular Building Blocks:  O ur approach to new f unctional materials starts f rom 
suitab le inorg anic or org anometallic molecular precursors which incorporate d i-
v erse f unctionalities,  such as catalytically activ e metal complex es or nanoparticles,  
chirality (f or non-linear optical properties or asymmetric catalysis),  red ox -activ e 
metal complex es (f or switchab le mag netic or catalytic properties),  or molecular 
assemb lies as templates f or org anic-inorg anic f rameworks (polymers,  M O F s).  Se-
lected  ex amples of  functionalised building blocks f or org anometallic or phospho-
rus-b ased  polymers are:  strained  inorg anic phosphorus-b ased  ring s (T .  G rell,  P.  
C ob urg er),  alkylene- and  arylene-b rid g ed  b is-phospholanes (P.  C .  Boar,  R.  H oy,  
A.  Schmied ) or (planar-chiral) f errocene d eriv ativ es (A.  Straub e) and  b is-,  tri- and  
tetrakis-carb ox ylates of  conj ug ated  aromatic systems as lig and s in optically activ e 
coordination polymers or MOFs (A. Aleksovska� see fi gure).
Molecular Precursors: Binary metal phosphid es M Px of ten ex hib it interesting  opti-
cal,  electronic and  mag netic properties and  thus hav e a wid e rang e of  applications,  
such as corrosion resistors,  catalysts,  semicond uctors,  electrod e materials in lithi-

⇑  H yd rophosphination reactions with transition metal f errocenylphosphine complex es –  a conv enient 
method for the modifi cation of phosphine.
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um-ion b atteries,  etc.  W e hav e d ev eloped  an approach to this class of  compound s 
starting  with v olatile phosphorus-rich metal complex es (A.  K .  Ad hikari,  T .  G rell) 
as molecular precursors.
Inorganic Building Blocks in Medicinal Chemistry: C arb ab oranes are hig hly hyd ro-
phob ic and  ex tremely stab le icosahed ral carb on-containing  b oron clusters.  T he cag e 
framework of these clusters can easily be modifi ed with a variety of substituents, 
b oth at the carb on and  at the b oron atoms and  can either b e used  as pharmacophoric 
entities in cycloox yg enase (C O X ) (S.  Saretz,  A.  Buzharev ski) or lipox yg enase in-
hib itors (R.  K uhnert) or f or b oron neutron capture therapy as conj ug ates with tu-

⇑  N ov el cob alt b is(d icarb ollid e) d eriv ativ es conj ug ated  to the Y 1 receptor-selectiv e d eriv ativ e of  neuropeptid e Y ,  [ F 7 , P34] -N PY ,  show 
selectiv e internalisation and  are,  theref ore,  promising  cand id ates as b oron-d eliv ering  ag ents f or b oron neutron capture therapy 
(BN C T ).

 ⇒ 1ido-'icarbaborate Induces Potent and SelectiYe Inhibition of Cyclooxygenase-� 
W .  N eumann,  S.  X u,  M . B.  Sá rosi,  M . S.  Scholz,  B. C .  C rews,  K .  G heb reselasie,  S.  Banerj ee,  L . J .  M arnett,  E .  
H ey-H awkins /  C hemM ed C hem (2016) 11  175, Special Issue: Drug Discovery for Autoimmune 	 Infl amma-
tory D isord ers,  f ront cov er

 ⇒ P-chiral 1-Phosphanorbornenes: From Asymmetric Phospha-Diels– Alder Reactions Towards Ligand Design 
and Functionalisation  
T .  M ö ller,  P.  W onneb erg er,  M . B.  Sá rosi,  P.  C ob urg er,  E .  H ey-H awkins /  D alton T rans.  (2016) 45 19 04,  inv ited  
contrib ution to special issue “ Phosphorus C hemistry:  D iscov eries and  Ad v ances“ ,  b ack cov er

 ⇒ +ydrophosphination Reactions Zith 7ransition 0etal Ferrocenylphosphine Complexes
J . R. F .  Pritzwald -Steg mann,  P.  L ö nnecke,  E .  H ey-H awkins /  D alton T rans.  (2016) 45 2208 ,  inv ited  contrib u-
tion to special issue “ Phosphorus C hemistry:  D iscov eries and  Ad v ances“

 ⇒ Formation of a Carbene–Phosphinidene $dduct by 1-+eterocyclic Carbene-Induced PíP %ond CleaYage in 
Sodium Tetramesityltetraphosphanediide 
A. K .  Ad hikari,  T .  G rell,  P.  L ö nnecke,  E .  H ey-H awkins /  E ur.  J .  I norg .  C hem.  (2016) 620,  inv ited  contrib ution 
to special issue “ L ow C oord inate Phosphorus C ompound s” ,  b ack cov er

 ⇒ Charge-Compensated Metallacarborane Building Blocks for Conjugation with Peptides 
R.  F rank,  V . M .  Ahrens,  S.  Boehnke,  A. G .  Beck-Sicking er,  E .  H ey-H awkins /  C hemBioC hem (2016) 17  308 , 
b ack cov er

 ⇒ U nique Anisotropic Optical Properties of a Highly Stable Metal-Organic Framework Based on Trinuclear 
Iron�III� Secondary %uilding 8nits /inked by 7etracarboxylic /inkers Zith an $nthracene Core 
A. V .  V inog rad ov ,  V . A.  M ilichko,  H .  Z aake-H ertling ,  A.  Aleksov ska,  S.  G ruschinski,  S.  Schmorl,  B.  K ersting ,  
E . M .  Z olnhof er,  J .  Sutter,  K .  M eyer,  P.  L ö nnecke,  E .  H ey-H awkins /  D alton T rans.  (2016)  45 7 244,  insid e 
f ront cov er

 ⇒ Selective Formation of Silver(I) Bis-phospholane Macrocycles and Further Evidence that Gold(I) is Smaller 
than Silver(I)
M .  Streitb erg er,  A.  Schmied ,  R.  H oy,  E .  H ey-H awkins /  D alton T rans.  (2016) 45 11644,  insid e f ront cov er

 ⇒ $ntiproliferatiYe $ctiYity of Ruthenium�II� $rene Complexes Zith 0ono- and %identate Pyridine-%ased 
Ligands 
S.  Richter,  S.  Sing h,  D .  D raca,  A.  K ate,  A.  K umb har,  A. S.  K umb har,  D .  M aksimov ic-I v anic,  S.  M ij atov ic,  
P.  L ö nnecke,  E .  H ey-H awkins /  D alton T rans.  (2016) 45 13114,  inv ited  contrib ution to D alton T ransactions 
themed  issue:  M etallod rug s:  Activ ation,  T arg eting  
and  D eliv ery

 ⇒ U nusual Reactivity of Sodium Tetramesityltetra-
phosphanediide 7oZards Cyclohexyl Isocyanide
A.  Ad hikari,  M . B.  Sá rosi,  T .  G rell,  P.  L ö nnecke,  E .  
H ey-H awkins /  C hem.  E ur.  J .  (2016) 22 15664
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mour-targeting entities (see fi gure), such as a <1 receptor-selectiv e neuropeptid e Y  
( N PY ) d eriv ativ e (S.  Saretz,  R.  K uhnert).
C hemotherapy using  platinum-b ased  anti-tumour ag ents,  such as cisplatin,  is of ten 
associated  with strong  sid e ef f ects and  is f urther limited  b y resistance of  tumour 
cells. Specifi c MOFs with large cavities are, therefore, being studied for targeted 
drug delivery (R. Precker). Furthermore, to increase the effi cacy of tumour treat-
ment, metal complexes are conjugated with bioactive molecules that are effi cient tu-
mour-targ eting  entities (e. g .  tamox if en (B.  Schwarze)).  A new approach utilises the 
nido cluster (carb ollid e,  [ C 2B9 H 11] 2- (which is isolob al to cyclopentad ienid e) as li-
g and  in metal complex es that ex hib it anticancer properties (M .  G ozzi,  B.  Schwarze).

⇑  D epend ing  on the d irection of  lig ht polarisation,  crystals of  the hig hly stab le metal-org anic f ramework,  [ { F e3(AC T BA)2} X · 6 D E F ] n 
( X  =  monoanion),  b ased  on trinuclear iron(I I I ) second ary b uild ing  units (lef t) connected  b y tetracarb ox yles with an anthracene core 
(ACTBA), exhibit anisotropic optical properties with birefringence ¨n   0.3 (Ȝ   5�0 nm) (right).
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Surf ace f unctionalisation of  L ayer-
b y-L ayer coated  colloid al micro-
carriers for specific cell uptake

Prof. Dr. Daniel Huster
Dipl.-Phys. Martin-Patrick Göse

T his research proj ect f ocuses on the d ev elopment of  new d rug  d eliv ery systems to 
ex hib it a targ eted  transport and  time controlled  release as well as which are ab le to 
transport multiple active agents safely and in a defined dosage in just one carrier 
system.

T he L ayer-b y-L ayer techniq ue (L b L ),  b ased  on mod ular assemb ly of  polymers 
on a spherical micrometer-sized  template,  supports the d ev elopment of  such multi-
f unctional carriers.   I n this contex t,  we put emphasis on the assemb ly,  characterisa-
tion and application of a supported lipid bilayer (SLB) as surface modification of the 
carrier.  Such an SL B not only mimics the cell surf ace and  enhances b iocompatib il-
ity, but can be further equipped with specific antibody in a very defined way. While 
prev ious inv estig ations inv olv ed  assemb ly and  characterisation,  we now f ocused  on 
the antib od y f unctionalisation of  the SL B.

U sing  the optimal layer composition to prov id e a tig htly packed  lipid  layer,  
PO PS/ PO PC  in 1: 1 molar ratio and  a low amount of  f unctional lipid  PE -PE G -Biotin 
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E-mail:  daniel.huster@medizin.uni-leipzig.de
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(0.5mol�), biotinylated specific antibody was attached to the surface via streptavi-
d in.  F ig ures a and  b  now show the interaction of  these carriers with 3T 3 and  V ero 
cells, respectively, while using the respective specific antibody. Interaction rate 
increases significantly compared to non-functionalised and non-specific controls. 
Also different assembly strategies of specific antibody, such as a direct coating onto 
the polymer surf ace or using  a rand om (porous) und erlying  lipid  layer,  are less suc-
cessf ul in cell application.

CLSM images of defined cell-carrier interaction time frames gave a first insight 
into the intracellular processing  of  lipid -antib od y f unctionalised  L b L  microcarriers 
(figure c). Red fluorescent SLB shows carrier localisation in endolysosome and is 
nearly intact 1h af ter uptake.  Af ter 24h the lipid  b ilayer starts to d is-assemb le,  and  
carriers are partially f ound  released  into cytoplasm.  D uring  this process,  b oth cell 
lines possess d if f erent kinetics.

 ⇒ Specific 8ptake of /ipid-$ntibody-Functionalised /b/ 0icrocarriers by Cells 
M. G|se, K. Scheffler, U. Reibetanz / Biomacromolecules (2016) 17 367 2

 ⇒ 2berfllchenfunktionalisierung 
von Layer-by-Layer-be-
schichteten kolloidalen SiO2-
0ikropartikeln f�r eine spe]ifis-
che $ufnahme durch =ellen 
M .  G ö se /  PhD -T hesis (2016)

⇑  a) Flow cytrometric investigations of specific antibody-functionalised microcarriers equipped with a POPS/POPC � 0.5 mol � PE-
PEGbiotin lipid bilayer (striped bars) interacting with (a) 3T3 (AB-C;CR4) and (b) 9ero (AB-CD155) cells. As controls, nonspecific 
antibody (ABCCR5) was used compared to basis SLB with and without streptavidin (filled bars). In (c), CLSM investigations of 
specific antibody-functionalised SLB microcarriers after interaction with 3T3 (1-2, AB-C;CR4) and 9ero cells (3-4, AB-CD155) 
are shown.  Bef ore AB attachment,  PO PS/ PO PC  +  0. 5 mol %  PE -PE G - b iotin were assemb led  to the carrier polymer sur f ace.  M i-
crocarriers are ad d itionally lab eled  with PE -RI T C  as lipid  b ilayer constituent (red ).  L ysosomes /  end olysosomes are v isualised  b y 
LysoTracker-green (green) and cell membranes are stained with WGA-AF350 (blue). The individual images have a size of 52ȝm î 
52ȝm.
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M onte C arlo and  molecular 
d ynamics simulations of  structure 
f ormation processes 

Prof. Dr. Wolfhard Janke
M.Ed. Math./Phys. Johannes Bock, Dipl.-Phys. Niklas Fricke, Dipl.-Phys. Martin Marenz, 
M.Sc. Phys. Philipp Schierz

T he Build M oN a f und ed  research activ ities of  the computationally oriented  theoreti-
cal physics g roup f ocuses on sev eral interrelated  sub proj ects.  I n most proj ects,  the 
employed  method olog y relies mainly on sophisticated  M onte C arlo computer simu-
lations b ased  on g eneralised  ensemb le method s such as multicanonical and  paral-
lel-tempering  (sometimes also called  replica-ex chang e) techniq ues,  chain-g rowth 
alg orithms with population control,  (thermostated ) M olecular D ynamics method s,  
and  ex act enumeration techniq ues.  T hese method s are ad apted  and  tailored  b y us 
to the prob lems at hand  and  constantly f urther improv ed  in ord er to cope with the 

complex ity of  the consid ered  prob lems:  
 (i) J ohannes Z ierenb erg  uses multicanonical method s to inv estig ate the analog y 
of  cond ensation phenomena f or particle systems with the ag g reg ation process in en-
semb les of  polymers,  consid ering  b oth lattice and  of f -lattice f ormulations.  Special 
emphasis is laid on the distinguishing differences between fl exible and semifl exible 
macromolecules.  I n the latter case he f ound  v ery interesting  twisted  b und le-like 
structures f or larg e b end ing  stif f ness and  low temperatures,  which prompted  many 
f urther analyses.
 (ii) M artin M arenz d ev elops with the help of  a f ew of  his f ellow PhD  stud ents a 
tool b ox  (" f ramework" ) f or multi-scale M onte C arlo computer simulations of  meso-
scopic and atomistic models of polymers in confi ned geometries such as a spherical 
cag e or in interaction with a solid  sub strate.  By g eneralising  our prev ious stud ies 
of a generic bead-stick model of fl exible polymers to the case of semifl exible poly-
mers g ov erned  b y b end ing  stif f ness,  he d iscov ered  with a comb ination of  parallel-
tempering  and  multicanonical simulations f or the unconstrained  b ulk system nov el 
thermod ynamically stab le phases of  knotted  polymers of  d if f erent topolog y.  T he 
nex t steps includ e stud ies of  the ad sorption propensity to sub strates and  the corre-
sponding structure formation processes under confi nement.
 (iii) N iklas F ricke ex tend ed  our recently proposed  nov el renormalisation g roup 
inspired  ex act enumeration method  f or self -av oid ing  rand om walks on a percolation 
cluster,  mod eling  polymers in d isord ered  env ironments with f ractal properties,  to 
up to seven space dimensions. The gain of effi ciency implied by the reduction from 
ex ponential to polynomial complex ity is enormous:  enumerating  all conf ormations 

⇑  Sub -ag g reg ation transitions f or Μ   2, 4, and � semifl exible polymers with stiffness parameter κ =  6 f or 
d ecreasing  temperature ȉ.



Research Topics Mechanics and dynamics of
semiflexible polymer structures

Prof. Dr. Wolfhard Janke
Institute for Theoretical Physics 
http://www.physik.uni-leipzig.de/index.php?id=cqt
E-mail:  janke@itp.uni-leipzig.de
Phone:  +49 341 97-32421
Fax: +49 341 97-32450

 ⇒ .nots as a 7opological 2rder Parameter for Semiflexible Polymers  
M .  M arenz,  W .  J anke /  Phys.  Rev .  L ett.  (2016) 116 128 301

 ⇒ First-Order Phase Transitions in the Real Microcanonical Ensemble 
P.  Schierz,  J .  Z ierenb erg ,  W .  J anke /  Phys.  Rev .  E  (2016) 94 021301

 ⇒ 'ilute Semiflexible Polymers Zith $ttraction: Collapse, Folding and $ggregation 
J .  Z ierenb erg ,  M .  M arenz,  W .  J anke /  Polymers (2016) 8 333,  inv ited  rev iew

 ⇒ Finite-Si]e Scaling of /ennard--ones 'roplet Formation at Fixed 'ensity 
J .  Z ierenb erg ,  W .  J anke /  J .  Phys.  C onf .  Ser.  (2016) 750 012017

 ⇒ Stable .nots in the Phase 'iagram of Semiflexible Polymers: $ 7opological 2rder Parameter" 
W .  J anke,  M .  M arenz /  J .  Phys.  C onf .  Ser.  (2016) 750 012006

 ⇒ 1umerical 7est of Finite-Si]e Scaling Predictions for the 'roplet Condensation-(Yaporation 7ransition 
A.  N ussb aumer,  J .  Z ierenb erg ,  E .  Bittner,  W .  J anke /  J .  Phys.  C onf .  Ser.  (2016) 759 012009

of  a 10000-step self -av oid ing  walk (typically ab out 101550 on a two-d imensional 
cluster) would  take ov er 101500 ag es of  the univ erse using  the stand ard  enumeration 
method  –  our new proced ure d oes it in ab out twenty minutes.  As a main physical 
result he f ound  that estab lished  asymptotic scaling  pred ictions need  to b e corrected .  
I n April 2016 he has successf ully d ef end ed  his PhD  thesis on this topic.  
 (iv) Johannes Bock focuses on the intriguing properties of semiflexible poly-
mers and  proteins in q uenched ,  d isord ered  env ironments (" crowd ed  cell prob lem" ) 
and  thereb y continues the work of  a prev ious Build M oN a-PhD  stud ent (Seb astian 
Schoeb l) b y ex tend ing  it to the three-d imensional case sub j ect to ad d itional con-
finement constraints. One goal is to investigate to what extent the disorder can be 
ef f ectiv ely d escrib ed  b y a " renormalised "  b end ing  stif f ness of  the macromolecules.
 (v) Philipp Schierz aimed at efficient computer simulations of polymer systems. 
T o this end  he inv estig ated  the ad v antag es of  computations perf ormed  on power-
f ul g raphics card s (G PU s) ov er the use of  stand ard  C PU s and  caref ully compared  
the perf ormances of  M olecular D ynamics (M D ) and  M onte C arlo (M C ) implemen-
tations f or this class of  prob lems.  I n particular he consid ered  the microcanonical 
ensemb le and  showed  how conserv ation laws in M D  can b e properly treated  and  re-
lated  to each other and  to M C  b y reweig hting  techniq ues.  T his turns out to b e v ery 
important f or small systems at the nanoscale.  Sub seq uently he inv estig ated  M onte 
C arlo computer simulations in the so-called  " real"  microcanonical ensemb le which,  
with a f ew f urther d ev elopments,  promises to b ecome a competitiv e alternativ e to 
g eneralised  ensemb le method s.  

M echanics and  d ynamics of
semiflexible polymer structures

Prof. Dr. Josef Alfons Käs
M.Sc. Phys. Martin Glaser, M.Sc. Phys. Tom Golde, Dipl.-Phys. Tina Händler, M.Sc. Phys. 
Jürgen Lippoldt, M.Sc. Phys. Erik Morawetz

T he mechanics of  complex  sof t matter such as cells or tig htly-entang led  b iopolymer 
networks as well as b und les cannot b e und erstood  in the classical physical f rame of  
flexible polymers or rigid rods. Instead, the underlying filaments are semiflexible, 
with their finite bending stiffness leading to non-trivial bulk mechanical responses. 
W e recently inv estig ated  two d if f erent structural arrang ements of  these polymers,  
networks and  b und les.
 To investigate bundles, we used the natural model actin and arranged the fila-
ments v ia crowd ed  env ironments.  M od eling  approaches and  recent ex perimental 
d ata hav e shown that the arising  d epletion f orces b etween rod -like particles d is-
play d if f erent sig natures d epend ing  on the orientation of  these particles.  I t has b een 
shown that depletion-driven, axial attraction of two rods (in our case actin fila-
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ments) yield s a constant contractile f orce of  0. 1 pN ,  which correspond s to a linear 
energy potential. We extended these pairwise interactions to a multi-fi lament level 
b y inv estig ating  arising  d ynamics within actin b und les.  W ithout any ad d itional pro-
teins such as crosslinkers or molecular motors,  we f ound  contractile f orces in a b io-
log ically relev ant reg ime of  up to 3 pN .  G enerated  f orces d ue to b und le relax ation 
were not constant as in a two fi lament case, but decayed exponentially with a mean 
d ecay time of  3. 4 s.  T hese d if f erent d ynamics are ex plained  within the f rame of  a 
mathematical mod el (and  supported  b y simulations) b y taking  pairwise interactions 
to a multi-fi lament scale [Schnau� et al. / Phy. Rev. Lett. (2016) 116 108 102] .
 E x perimental stud ies of  actin networks,  howev er,  are limited  since the persis-
tence leng th cannot b e read ily tuned .  W e ex perimentally inv estig ated  this parameter 
for the fi rst time through bulk rheological and single-fi lament measurements of en-
tangled networks formed by structurally tunable DNA nanotubes (see fi gure). This 
de novo mod el system enab led  the v alid ation of  numerous characteristic proper-

Mechanics and dynamics of
semiflexible polymer structures

 ⇒ 7uning Synthetic Semifl exible 1etZorks by %ending Stiffness
C .  Schuld t ,  J .  Schnauß ,  T .  H ä nd ler,  M .  G laser,  J .  L orenz,  T .  G old e,  J . A.  K ä s,  D . M .  Smith /  Phys.  Rev .  L ett.  
(2016) 117 19 7 8 01

 ⇒ Semifl exible %iopolymers in %undled $rrangements
J .  Schnauß ,  T .  H ä nd ler,  J . A.  K ä s /  Polymers (2016) 8 27 4

 ⇒ Self-$ssembly of +ierarchically 2rdered Structures in '1$ 1anotube Systems
M .  G laser,  J .  Schnauß ,  T .  T schirner,  B. U . S.  Schmid t,  M .  M oeb ius-W inkler,  J . A.  K ä s,  D . M .  Smith /  J .  Phys.  
(2016) 18 055001

 ⇒ 7ransition from a /inear to a +armonic Potential in CollectiYe 'ynamics of a 0ultifi lament $ctin %undle
J .  Schnauß ,  T .  G old e,  C .  Schuld t ,  B. U . S.  Schmid t,  M .  G laser,  D .  Strehle,  T .  H ä nd ler,  C .  H eussing er,  J . A.  K ä s /  
Phys.  Rev .  L ett.  (2016) 116 108 102 

 ⇒ Cellular Response to Reagent-Free Electron-Irradiated Gelatin Hydrogels
E . I .  W isotzki,  R. P.  F ried rich,  A.  W eid t ,  C .  Alex iou,  S. G .  M ayr,  M .  Z ink /  M acromol.  Biosci.  (2016) 16 9 14 

 ⇒ 0echanical Spectroscopy of Retina (xplants at the Protein /eYel (mploying 1anostructured Scaffolds
S. M .  Rahman,  A.  Reichenb ach,  M .  Z ink,  S. G .  M ayr /  Sof t M atter (2016) 12 3431 

ties inherent to semifl exible polymers and networks thereof, i.e. persistence length, 
inex tensib ility,  reptation,  and  mesh size scaling .  T he scaling  of  the elastic plateau 
mod ulus with concentration is consistent with prev ious measurements and  estab -
lished  theories.  I n contrast,  we showed  that the elastic plateau mod ulus scales linear 
with the persistence leng th,  which d rastically opposes the pred ominant theoretical 
pred ictions [ Schuld t et al.  /  Phy.  Rev .  L ett.  (2016) 117 19 7 8 01] .
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⇑  n-helix tube (nHT) fi lament architecture. (a) Schematic of the assembly of a 4HT formed of four distinct 42-mers. Adjacent 
sing le-strand ed  D N A olig onucleotid es share continuous complementary sections enab ling  the f ormation of  a tub e-like ring .  
T he half -stag g ered  motif  of  these ring s with sticky end s on b oth sid es promotes polymerisation-like ax ial g rowth.  ( b ) C ross 
sections of  all sev en d i f f erent n H T s employed  in our stud y with accord ing  measured  v alues f or lp and two exemplary fl uores-
cence imag es (c), (d ).  [ Schuld t et al.  /  Phy.  Rev .  L ett.  (2016) 117 19 7 8 01] .
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O ur research is f ocused  on macrocyclic calix arene and  thiophenolate-b ased  lig and s 
that are ab le to coord inate a rang e of  d- and  f-b lock metals.  By introd ucing  appro-
priate binding sites the selectivity of such host systems towards a specifi c group 
of guest ions can be modifi ed. Ligating groups with high affi nities towards hard 
lanthanid e cations includ ing  P= O  and  C = O  f unctionalities are used  to ob tain potent 
calix [ 4] arene-b ased  receptors f or rare earth metal separation v ia solv ent ex traction.  
 T o satisf y the hig h coord ination numb ers of  f-b lock metals tetrasub stituted  
d eriv ativ es of  calix [ 4] arenes hav e b een employed  recently.  I ntrod ucing  d issimilar 
donor groups on the calix[4]arene scaffold opens up further possibilities for fi ne-
tuning  and  mod if ying  the b ind ing  pocket.  E mploying  the synthesised  lig and s in 
titration and  solv ent ex traction ex periments yield s v aluab le inf ormation ab out the 
affi nity and selectivity of the compounds towards lanthanides is the basis for fur-

C oord ination compound s in 
supramolecular chemistry and  
materials chemistry

Prof. Dr. Berthold Kersting
M.Sc. Chem. Florian Glasneck, M.Sc. Chem. Astrid Jäschke, M.Sc. Chem. Steve Ullmann
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ther improv ement of  the lig and  structures.
 T he coord ination b ehav iour of  a series of  lig and s (H2L1 – L4) toward s L n3+  cati-
ons is stud ied  and  the properties of  the ob tained  complex es are ex amined  in the 
lig ht of  selectiv e solv ent ex traction.  Solid  state stud ies rev eal a larg e d iv ersity in the 
coord ination b ehav iour ov er the course of  the lig and  series.
 H2L2 and  H2L3 f orm d inuclear eig ht-f old  coord inated  complex es,  respectiv ely,  of  
the composition [ L n2L2

2(Ș2-N O 3)2(H 2O )2]  and  [ L n2L3
2(ȝ-H2O )] (BPh4)2. The LnÂÂÂLn 

d istances are ca.  7 . 8  Å  f or the complex es of  H2L2 and  3. 9  Å  in the case of  H2L3 com-

⇑  Synthesis of  tetrasub stituted  d eriv ativ es of  cali x [ 4] arenes.

⇑  M olecular structures of  [ Y b 2L2
2(Ș2-N O 3)2( H 2O )2] ,  [ G d 2L3

2(ȝ-H2O )] (BPh4)2 and  [ L aL6(Ș2-N O 3)2] N O 3 (f rom lef t to rig ht).
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 ⇒ +ydroxyquinoline-Calix>�@arene ConMugates as /igands for Polynuclear /anthanide Complexes: Prepara-
tion, Characterisation, and Properties of a 'inuclear (uIII Complex 
A.  J ä schke,  M .  K ischel,  A.  M ansel,  B.  K ersting  /  E ur.  J .  I norg .   C hem.  (2017 ) 8 9 4

 ⇒ /anthanide Complexes of a Calix>�@arene /igand Zith 'angling Phosphonate and Picolinamide $rms: Syn-
thesis, Crystal Structures, and (xtraction Properties  
F .  G lasneck,  K .  K ob alz,  B.  K ersting  /  E ur.  J .  I norg .  C hem.  (2016) 3111
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Solid -state structural transf ormations in coord ination compound s are an interesting  
phenomenon since chang es in coord ination numb er,  coord ination g eometry and  
d imensionality of  the structures are related  to altered  physical properties such as 
colour,  luminescence b ehav iour,  chirality,  mag netism or catalytic activ ity.  T he 
cag e-like silv er complex es [ Ag 6(L )6] · 9 H 2O  (1) and  [ Ag 6(L )6(H 2O )4] · 4H 2O  (2) (L í =  
2-(4H -1, 2, 4-triazol-4-yl)- ethanesulf onate) und erg o solid -state structural transf or-
mations f rom cyclic triang ular units to the one-d imensional polymeric complex  
[ Ag (L )] n (3) v ia a ring -opening  polymerisation process.  T his transf ormation in-
v olv es opening  of  nine-memb ered  Ag 3N 6 ring s of  Ag 3(triazol)3 units v ia Ag – N  b ond  
b reaking  f ollowed  b y rotation of  the lig and  and  rearrang ement of  the Ag +  coord ina-
tion sphere b y f ormation of  new b ond s.  T hermog rav imetric analysis in comb ination 
with sing le-crystal and  powd er X -ray d if f raction method s rev eals that the release 
of  lattice water molecules initiates the transf ormation which starts alread y at room 
temperature af ter g rind ing  of  1 and  af ter separating  2 f rom its aq ueous mother li-

Ring -opening  polymerisation of  
[ Ag 3(triazol)3]  complex es

Prof. Dr. Harald Krautscheid
M.Sc. Chem. Karolin Stein

Ring-opening polymerisation of [Ag3(triazol)3] complexes

plex es allowing  f or the antif erromag netic coupling  of  the metal centres.  I n contrast,  
f or L4 the f ormation of  mononuclear 1: 1 complex es of  the f orm [ L nL6(Ș2-N O 3)2] N O 3 
is ob serv ed  where the metal centres ex hib it a coord ination numb er of  ten.
 L iq uid -liq uid -ex traction ex periments with H2L1 showed  that calix [ 4] arene b ased  
lig and s can act as potent ex tractants und er acid ic cond itions.  Q uantitativ e ex trac-
tion of  Y b 3+  into a chlorof orm phase was achiev ed  at pH  5. 5.  F urthermore a selec-
tiv ity toward s smaller L n3+  cations is ob serv ed .

⇑  E x traction d iag ram of  H2L1 with L n( N O 3)3 ( L n =  L a ,  Y b ).  O r g anic phase:  [ H2L1]  =  10 – 2 M  in C H C l3;  a q ueous phase:  [ L n3+ ]  =  
10 – 4 M  in H N O 3/ b orate b uf f er;  shaking  time:  15 min;  eq uilib ration time:  30 min;  T  =  29 8 (1) K .  I C P- O E S d etection.
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Non-isothermal Brownian motion and 
rapid force spectroscopy

q ueur,  respectiv ely.  D riv ing  f orce is the chang e in lig and  conf ormation f rom g auche 
to trans.  

F ormation of  compound s 1,  2 ,  and  { [ Ag (L )] · 1. 5 H 2O } n (4) with the same Ag + / L í 

ratio b ut d if f erent crystal structures d epend s on the concentration and  acid ity of  the 
reaction mix ture;  3 crystallises d irectly f rom hot water.
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 ⇒ Solid-State Ring-2pening Structural 7ransformation in 7ria]olyl (thanesulfonate %ased SilYer Complexes
Z h.  W ang ,  S.  Beg um,  H .  K rautscheid  /  C ryst.  G rowth D esig n (2016) 16 58 36

 ⇒ %is�carboxyphenyl�-�,�,�-7ria]ole %ased 0etal-2rganic FrameZorks – Impact of 0etal Ion Substitution on 
Adsorption Performance
K .  K ob alz,  M .  K ob alz,  J .  M ö llmer,  U .  J ung hans,  M .  L ang e,  J .  Berg mann,  M .  W ecks,  R.  G lä ser,  H .  
K rautscheid  /  I norg .  C hem.  (2016) 55 69 38

 ⇒ Paddle Wheel %ased 7ria]olyl Isophthalate 02Fs: Impact of /inker 0odifi cation on Crystal Structure and 
Gas Sorption Properties
M .  K ob alz,  J .  L incke,  K .  K ob alz,  O .  E rhart,  J .  Berg mann,  D .  L ä ssig ,  M .  L ang e,  J .  M ö llmer,  R.  G lä ser,  R.  
Staud t,  H .  K rautscheid  /  I norg .  C hem.  (2016) 55 3030

 ⇒ Composition Space Analysis in the Development of 
Copper Molybdate Hybrids Decorated by a Bifunctional 
Pyra]oly���,�,�-7ria]ole /igand
A. B.  L ysenko,  G . A.  Senchyk,  L . V .  L ukashuk,  K . V .  D o-
masev itch,  M .  H and ke,  J .  L incke,  H .  K rautscheid ,  E . B.  
Rusanov ,  K . W .  K ramer,  S.  D ecurtins,  S. -X .  L iu /  I norg .  
C hem.  (2016) 55 239

N on-isothermal Brownian motion 
and  rapid  f orce spectroscopy

Prof. Dr. Klaus Kroy
Dipl.-Phys. Jakob Tómas Bullerjahn, M.Sc. Phys. Gianmaria Falasco, Dipl.-Phys. Andrea 
Kramer

W e d eriv e coarse-g rained  theories f or the rupture of  weak b ond s in b iomacro-
molecules.  W e hav e prev iously d ev eloped  a rig orous theory of  f orcib le b ond  rupture 
to f acilitate the analysis of  rupture ev ents record ed  in sing le-molecule simulations 
and  ex periments.  W e hav e now ex pand ed  this theory to so-called  catch-slip b ond s,  
which are characterised  b y rupture rates with a non-monotonic f orce d epend ence.  
T hey are thoug ht to play an important role f or the ad hesion of  cells,  b acteria and  
platelets.  W e were ab le to analytically compute the mean lif etime and  rupture-f orce 
d istrib ution of  a catch-slip b ond  f or arb itrary f orces and  load ing  rates,  cov ering  the 
whole rang e of  cond itions f ound  in ex periments and  all-atom simulations.

W e also inv estig ated  the stochastic d ynamics of  particles suspend ed  in solv ents 
d riv en f ar out of  eq uilib rium.  W e g eneralised  the classical theory of  Brownian d y-
namics to g lob ally non-isothermal cond itions,  which resulted  in a g eneralised  L an-
g ev in eq uation with long -term memory f or the particle’ s motion.   I n a comb ined  
numerical,  ex perimental and  theoretical stud y,  we compared  molecular d ynam-
ics simulations with ex periments on hot J anus particles,  perf ormed  in the g roup 
of Prof. Frank Cichos, to probe the validity of certain novel fl uctuation relations. 
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⇑  T he (red uced ) f ree-energ y land scape of  a catch-slip b ond  is composed  of  two separated  one- d imensional transition pathways f rom the 
b ound  to the unb ound  state.  An applied  f orce g ets proj ected  onto these reaction pathways,  resulting  in an ef f ectiv e tilt (red  solid  lines) 
that affects the landscape (green dashed line) along each reaction coordinate differently, depending on the force’s specifi c direction.

⇑  C rystal structures of  [ Ag 6( L )6] · 9 H 2O  (1) containing  triang ular Ag 3(triazol)3 units and  polymeric [ Ag ( L )] n (3) which is f ormed  b y 
ring  opening  polymerisation in the solid  state f rom complex es 1 and  2 .
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These are very general theorems relating the fluctuating particle current of these 
self -propelled  microswimmers to the associated  entropy prod uction.  W ith the help 
of  a minimal mod el f or the swimmer d ynamics,  we f urther elucid ated  the und erly-
ing  physics.  F inally,  we consid ered  non-eq uilib rium solv ents consisting  of  many 
of  such activ e particles,  and  analysed  their ef f ects on the d ynamics of  interacting  
prob e particles.
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 ⇒ Analytical Catch-Slip Bond Model for Arbitrary Forces and Loading Rates 
J . T .  Bullerj ahn,  K .  K roy /  Phys.  Rev .  E  (2016) 93 012404
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G .  F alasco,  M .  Baiesi /  E PL  (2016) 113 20005
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 ⇒ 7hermal Response of 1onequilibrium RC Circuits 
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 ⇒ (xact Symmetries in the 9elocity Fluctuations of a +ot 
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 ⇒ Interacting %roZnian 'ynamics in a 1onequilibrium Particle 
Bath 
S.  Stef f enoni,  K .  K roy,  G .  F alasco /  Phys.  Rev .  E  (2016) 94 
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N ew f unctional materials f or 
b iomed ical applications and  
material physics at the nanoscale
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M.Sc. Phys. Uta Allenstein, M.Sc. Phys. Alina Bischoff, Dipl.-Phys. Anja Landgraf, Dipl.-
Phys. Fritz Lehnert, M.Sc. Phys. Stefanie Riedel, B.Sc. Eng. Emilia Wisotzki

T he work of  our research g roup within the Build M oN a G rad uate School concen-
trates on the d ev elopment of  new f unctional materials f or b iomed ical applications 
and material physics. Thereby, special focus was placed on modification of colla-
g enous b iopolymers b y hig h energ y electron irrad iation as well as characterisation 
of  b iocompatib le f erromag netic shape memory alloy F e7 Pd 3 and  amorphous carb on 
materials.  
 C ollag enous hyd rog els represent promising  b iopolymers f or a v ariety of  b io-
medical applications. Within BuildMoNa, the potential of collagen modification 
using  reag ent-f ree crosslinking  ind uced  b y electron irrad iation was inv estig ated .  
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T hereb y,  special f ocused  was placed  on mechanical and  structural characterisation 
(see figure). We were able to show that structure and mechanics of the biopolymer 
collag en can b e precisely tuned  b y hig h energ y electrons f or a v ariety of  b iomed ical 
applications such as b io-coating s,  tissue eng ineering  or reg enerativ e med icine.  
 T he f erromag netic shape memory alloy F e7 Pd 3, which is of particular scientific 
interest b ecause of  its b iocompatib ility,  can f eature rev ersib le strains of  sev eral per-
cent in an applied magnetic field. An essential prerequisite for both the occurrence 
and magnitude of these magnetic field induced strains is twin boundary mobility 
within the material.  T o inv estig ate the b ehav iour of  twin b ound aries,  an ab rupt 
mov ement of  these structures is locally ind uced  b y nanoind entation while con-
comitant acoustic emissions within samples are d etected  with an und erlying  piezo-
electric acoustic sensor.  W ith this approach,  acoustic emissions were d etected  in a 
martensitic F e7 Pd 3 b ulk sample.  T he sig nals could  b e correlated  to so called  pop-in 
ev ents in the f orce-d epth curv es of  the nanoind entation measurements ind icating  
twin b ound ary mov ement.
 W ithin the inv estig ation of  ion b eam ind uced  surf ace chang es of  amorphous car-
b on materials two ef f ects were stud ied .  O n the one hand ,  the ion b eam ind uced  

⇑ T hree d imensional C L SM  imag es of  collag en samples (2 mg / ml) crosslinked  b y hig h energ y electron irrad iation:  (lef t) 0 kG y,  (mid d le) 50 
kGy, (right) 100 kGy. Due to irradiation, the network becomes denser and the pore size decreases significantly. The scales are in �m.
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synthesis of  nanoporous carb on materials was inv estig ated .  O n the other hand ,  ion 
b eam ind uced  material compaction and  hard ening  was stud ied .  T he process could  
b e correlated  to the chang e of  stress state in the material ind uced  b y the continued  
introd uction of  d ef ect b y the ion b eam.  Possib le applications includ e ab rasion wear 
resistance coating s.  N anoporous structures are of  constant interest f or research d ue 
to their manifold application areas, which include percolation and adsorption filters, 
heat ex chang ers,  catalysts,  memb ranes,  prostheses,  coating s,  and  d rug  d eliv ery sys-
tems.  I n ad d ition carb on is a promising  b io-compatib le material f or b iomed ical ap-
plications.

 ⇒ 0icropatterning of Reagent-Free, +igh (nergy Crosslinked *elatin +ydrogels for %ioapplications 
B.  H eyart,  A.  W eid t ,  E . I .  W isotzki,  M .  Z ink,  S. G .  M ayr /  J .  Biomed .  M ater.  Res.  B (2017 ) D O I  10. 1002/
j b m. b . 338 49

 ⇒ Gallium Ion Irradiation Induced Compaction and Hardening of Sputter Deposited Amorphous Carbon Thin 
Films 
F .  L ehnert,  T .  H ä upl,  B.  Ab el,  S. G .  M ayr /  M aterials and  D esig n (2016) 112 512 

 ⇒ Shockwave Induced Martensitic Transformation and Morphology Changes in Fe-Pd Ferromagnetic Shape 
Memory Alloy Thin Films 
A. J .  Bischof f ,  A.  Arab i-H ashemi,  M .  E hrhard t ,  P.  L orentz,  K .  Z immer,  S. G .  M ayr /  Appl.  Phys.  L ett.  (2016) 
108 1519 01

 ⇒ 1anometer-ResolYed 4uantifiation of 0echanical Response in 1anoparticle-%ased Composites 
M .  H ennes,  A. M .  J akob ,  F .  L ehnert,  U .  Ross,  A.  L otnyk,  S. G .  M ayr /  N anoscale (2016) 8 9 39 8

 ⇒ 0agnetic Response of *elatin Ferrogels $cross the Sol-*el 7ransition: Influence of +igh (nergy Crosslink-
ing on Thermal Stability 
E . I .  W isotzki,  D .  E b erb eck,  H .  H atz,  S. G .  M ayr /  Sof t M atter (2016) 12 39 08

 ⇒ 0echanical Spectroscopy of Retina (xplants at the Protein /eYel (mploying 1anostructured Scaffolds 
S. M .  Rahman,  A.  Reichenb ach,  M .  Z ink,  S. G .  M ayr /  Sof t M atter (2016) 12 3431

 ⇒ Cellular Response to Reagent-Free Electron Irradiated Gelatin Hydrogels 
E . I .  W isotzki,  R.  F ried rich,  A.  W eid t ,  C .  Alex iou,  S. G .  M ayr,  M .  Z ink /  M acromol.  Biosci.  (2016) 16(6) 9 14

 ⇒ Stress-Induced 0artensitic 7ransformation, 7Zin %oundary 0obility and (lastic Properties of 9apor 'epos-
ited Fe70Pd30 Ferromagnetic Shape Memory Alloy Thin Films 
A.  Bischof f ,  A.  L and g raf ,  S. G .  M ayr /  Scr.  M at.  (2016) 111 7 6
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T he L 1 colour centre [ N ew J .  Phys.  (2017 ) 19 053008 ]  that was f ound  in two d ia-
mond s af ter yet unknown and  still unreprod ucib le treatment has b een sub j ected  to 
a larg e scale b atch measurement to g ather statistical knowled g e ab out its optical 
properties.  T hese measurements comprise spectral emission properties with poten-
tially vibronic structure (see figure, a), excited state lifetimes, polarisation, blinking 
and  saturation b ehav iour.  T he spectral emission of  the measured  L 1 centres shows 
a high spread in their zero-phonon lines (=PL) at § 5�3(22)nm (see figure, b), poin-
ting  at their most likely strain susceptib le structure,  noting  that their d iamond  hosts 
were sub j ected  to ion irrad iation and  plasma etching  and  that these centres were 

T he L 1 colour centre in d iamond :
statistics on its optical properties 

Prof. Dr. Jan Meijer
Dipl.-Math. Roger John, M.Sc. Phys. Paul Räcke

measured  closely b eneath the surf ace of  their hosts.  T he measured  polarisation an-
gles in the figure (d) also support this point due to their obvious broadening, which 
may prov e the L 1 centre usef ul as a d iamond  surf ace q uality ind icator.  Ad d itionally,  
the spectral emission also contains features at 15 THz and 4� THz (see figure, a) 
that may b e attrib uted  to the v ib ronic structure of  the L 1 centre b ut are still to b e un-
d erstood ,  thoug h prov id ing  a characteristic property of  these colour centres usef ul 
f or f urther inv estig ations.  F inally,  these d iamond s also host the ST 1 colour centre 
[ S. -Y .  L ee,  M .  W id mann,  T .  Rend ler,  M .  W .  D oherty,  T .  M .  Bab inec,  S.  Y ang ,  M .  
E yer,  P.  Siyushev ,  B.  J .  M .  H ausmann,  M .  L oncar,  Z .  Bod rog ,  A.  G ali:  Readout 
and Control of a Single 1uclear Spin Zith a 0etastable (lectron Spin $ncilla � 
N at.  N ano.  (2013) 8 4�7] which shows significant differences compared to the L1 
centres,  one maj or b eing  the ‹ 110›  orientation of  the optical d ipole [ SBD D  X X I :  

⇑ (a) F luorescence spectrum of  a characteristic L 1 centre with 532 nm ex citation showing  a Z PL  at 57 9 . 0 nm with a F W H M  of  3. 5 nm 
and potentially vibronic features at 640 nm corresponding to an energy offset of about 200 me9 § 4� THz. (b) Distribution statistic 
of  Z PL s with centre at 58 3(22) nm.  (c) Sev eral spectra of  L 1 centres with wid ely spread  Z PL  translated  to Z PL  at zero f req uency to 
v isualise the potential v i b ronics at 15 T H z and  49  T H z .  (d ) D istrib ution statistics of  ang les of  the linearly polarised  emission of  the 
L1 centres showing strong peaks at § 45� and § 135� indicating a ‹ 111›  orientation of the optical dipole. Note the strong peak at 50� 
d ue to sample d ri f t while the linearly polarised  ex citation was rotated  starting  f rom this ang le.  
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E ng ineering  b iomimetic micro-
env ironments f or in vitro cell stud ies 

Prof. Dr. Tilo Pompe
Dipl.-Phys. Andreas Müller

T he ex tracellular microenv ironment controls many cellular processes includ ing  cell 
g rowth,  d if f erentiation and  apoptosis.  F or b etter und erstand ing  of  these reg ulating  
cues b iomimetic systems are used  f or in-d epth analysis in hig h-resolution in vitro 
stud ies.  W e d esig n and  construct material scaf f old s to mod el important ex tracel-
lular cues like stif f ness,  v iscosity,  spatial constraints and  g rad ients of  sig nalling  
molecules.  Based  on those b iomimetic scaf f old s we aim to rev eal the d etailed  cell 
response to such ex tracellular sig nals includ ing  traction f orces,  sing le cell tracking ,  
g ene analysis.
 Ad d itionally,  we apply polymer-b ased  surf ace f unctionalisation strateg ies to d e-
v elop new b iosensors in v arious b iotechnolog ical applications.

 ⇒ %right 2ptical Centre in 'iamond Zith 1arroZ, +ighly Polarised and 1early Phonon-Free Fluorescence at 
Room Temperature 
R.  J ohn,  J .  L ehnert,  M .  M ensing ,  D .  Spemann,  S.  Pezzag na,  J .  M eij er /  N ew J .  Phys.  (2017 ) 19 053008

 ⇒ ST1 Colour Centre in Implanted and Plasma Treated Diamond 
R.  J ohn,  J .  L ehnert,  M .  M etsch,  L .  Rog ers,  S.  Pezzag na,  F .  J elezko,  J .  M eij er /  SBD D  X X I :  H asselt D iamond  
W orkshop (H asselt,  Belg ium,  2016)

H asselt D iamond  W orkshop (H asselt,  Belg ium,  2016)]  compared  to ‹ 111›  f or the 
L1 centre (see figure, d). Still these two types of colour centres are found in close 
v icinity to each other in b oth samples,  thus sug g esting  a connection b etween those 
reg ard ing  their creation and  structure.
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 A. M�ller specifi cally investigates the impact of spatial constraints and matrix 
mechanics on cell b ehav iour.  M icropatterned  hyd rog els are used  to stud y traction 
f orce g eneration of  laterally constricted  cells.  Actin cytoskeleton d ynamics are ob -
serv ed  in liv ing  cells with hig h temporal and  lateral resolution.  C orrelating  these 
measurements will ex pand  the und erstand ing  of  the tig ht coupling  b etween matrix  
g eometry and  mechanics,  cell morpholog y,  and  cellular f unction.
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⇑ O b ser v ation of  traction f orces and  actin cytoskeleton d ynamics.  A) T ime resolv ed  measurement of  traction f orce of  laterally con-
strained cell (adhering to a fi bronectin stripe-like pattern) reveals sites of focal adhesions (cyan, with purple circles) along with actin 
cytoskeleton morphology (red) observed with SiR-actin probes. B) Kymograph of actin stress fi bres in the central region of such a cell 
reveals stress fi bre dynamics. Scale, see (C). C) 4uantifi cation of inward movement of actin stress fi bres.

T he stud ies were f ocused  on the f und amental processes at ion b eam assisted  d epo-
sition of ultra-thin fi lms and nanostructures under conditions far away from the 
thermod ynamic eq uilib rium.

 For the synthesis of high-quality thin fi lms, ion-beam assisted deposition 
(I BAD ) is a f req uently used  techniq ue prov id ing  precise control ov er sev eral sub -
stantial fi lm properties. An experimental setup was developed together with the De-
partment N anoscale Science of  the M ax -Planck-I nstitute f or Solid  State Research 
Stuttg art,  that enab les the separate control of  ion mass and  ion kinetic energ y in 
the reg ion of  hyperthermal energ ies (f ew 1 eV  –  f ew 100 eV ).  T his ion energ y re-

Ion and laser beam induced thin fi lms 
and  nanostructures

Prof. Dr. Dr. h.c. Bernd Rauschenbach
M.Sc. Phys. Annemarie Finzel, M.Sc. Phys. Susann Liedtke, M.Sc. Phys. Xinxing Sun
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gion is of increasing interest not only for ion-assisted fi lm growth but also for the 
wide fi eld of preparative mass spectrometry. The setup consists of a constricted 
g low-d ischarg e plasma b eam source and  a tailor-mad e,  compact q uad rupole system 
eq uipped  with entry and  ex it ion optics.  I t could  b e d emonstrated ,  that the separa-
tion of  monoatomic and  polyatomic nitrog en ions (N +  and  N 2+ ) is accomplished .  F or 
b oth ion species the kinetic energ y can b e controlled  in the reg ion of  hyperthermal 
energ ies.

 T he f easib ility f or hyperthermal ion-b eam assisted  g rowth with mass and  en-
ergy selected ions could be demonstrated by fabricating high-quality thin fi lms 
of  g allium nitrid e (G aN ) d eposited  epitax ially on sing le-crystalline sub strates at 
elev ated  temperatures.  

 ⇒ Real-Space Imaging of Atomic Arrangements and V acancy Layers Ordering in Laser Crystallised Ge2Sb2Te5 
Phase Change Thin Films
A.  L otnyk,  S.  Bernü tz,  U .  Ross,  X .  Sun,  M .  E hrhard t ,  B.  Rauschenb ach /  Acta M aterialia (2016) 105 1

 ⇒ 0icrostructure (Yalution in Pulsed /aser 'eposited (pitaxial *e-Sb-7e Chalcogenide 7hin Films
A.  L otnyk,  U .  Ross,  S.  Bernü tz,  E .  T heland er,  B.  Rauschenb ach /  J .  Alloys and  C ompound s (2016) 676 58 2

 ⇒ Crystallisation of Ge2Sb2Te5 7hin Films by 1ano- and Femtosecond Single /aser Pulse Irradiation
X .  Sun,  M .  E hrhard t ,  A.  L otnyk,  E .  T heland er,  J . W .  G erlach,  U .  D ecker,  B.  Rauschenb ach /  Science Reports 
(2016) 6 28 246

 ⇒ Local Atomic Arrangements and Lattice Distortions 
in Layered Ge-Sb-Te Crystal Structures
A.  L otnyk,  U .  Ross,  S.  Bernü tz,  E .  T heland er,  B.  
Rauschenbach / Scientifi c Rep. (2016) 6 267 24

 ⇒ (pitaxial *e2Sb2Te5 Films on Si(111) prepared by 
Pulsed Laser Deposition
I .  H ilmi,  E .  T heland er,  P.  Schumacher,  J . W .  G erlach,  
B.  Rauschenb ach /  T hin Solid  F ilms (2016) 619 8 1
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T opolog ical q uantum phases:
Symmetries and  charg e response
of  topolog ical insulators

Prof. Dr. Bernd Rosenow
Dipl.-Phys. Alexander Janot, Dipl.-Math. Heinrich-Gregor Zirnstein

Research in the g roup f ocuses on mesoscopic systems.  T hese physical systems are 
so small that the q uantum nature of  ind iv id ual particles in the system b ecomes re-
lev ant,  b ut still larg e enoug h such that statistical av erag ing  is possib le.  O ne ex citing  
ex ample where b oth the q uantum nature and  the collectiv e motion of  particles play 
a f und amental role are so-called  topolog ical q uantum phases.  T hese are nov el phas-
es of  matter which seem ord inary when looking  only at a small part of  the system 
(locally),  b ut which,  d ue to q uantum ef f ects,  are d ecid ed ly non-triv ial when looking  
at the system as a whole (g lob ally).
 T opolog ical insulators are an ex ample of  a topolog ical q uantum phase.  T here,  
the non-triv iality manif ests in the f ollowing  way:  a sample of  such a material is 

Topological quantum phases: Symmetries and 
charge response of topological insulators

⇑ Detail of the quadrupole mass fi lter, which was developed to deposit thin fi lms with mass and energy selected ions. 
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insulating  in the b ulk,  b ut d ue to q uantum ef f ects,  perf ectly cond ucting  surf ace 
states emerg e at the sample b ound ary.  M oreov er,  these surf ace states are rob ust 
ag ainst small perturb ations like d isord er,  thoug h the rob ustness may need  mild  ad -
d itional req uirements,  f or ex ample time-rev ersal symmetry.  C oncrete ex amples of  
time-rev ersal symmetric topolog ical insulators that ex ist as 3D  b ulk materials are 
Bi2Se3 and  Bi2T e3.
 I n this proj ect,  we hav e stud ied  the symmetries of  the electromag netic response 
of  surf ace states of  time-rev ersal (T R) symmetric topolog ical insulators more close-
ly.  O ne of  their hallmark responses is the topolog ical mag netoelectric ef f ect,  where 
a magnetic fi eld induces an electric charge and vice-versa. So far, a variant of this 
ef f ect has attracted  much attention where time-rev ersal is,  howev er,  b roken ex pli-
citly.  T hus,  we f ace the puzzling  situation where these surf ace states are protected  
b y T R-symmetry,  yet their hallmark ef f ect req uires ex plicit T R-b reaking .  W e hav e 
resolv ed  this conund rum and  presented  a topolog ical mag netoelectric ef f ect that is 
ex plicitly time-rev ersal-symmetric.
 In particular, we have shown that threading a thin magnetic fl ux tube of one fl ux 

quantum through the material and applying a uniform electric fi eld will induce a 
half-integer charge ¨4   e/2āsgn(Ez) on the surf ace of  the topolog ical insulator if  
the system has mesoscopic size. This is illustrated in the fi gure. A key point of this 
ef f ect is that the sig n of  this ind uced  charg e d oes not d epend  on the d irection of  
magnetic fi eld, only on the direction of the electric fi eld. This is the defi ning char-
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acteristic of  a time-rev ersal symmetric charg e response.  
 T he ef f ect can b e und erstood  in terms of  the surf ace states of  the topolog ical 
insulator. Threading the fl ux tube through the material will lead to two electronic 
states, which are located at the two places where the fl ux tube meets the surface. 
Without electric fi eld, these states will hybridise and a superposition of these states 
with eq ual weig ht in either place will b e occupied .  I n the presence of  a small elec-
tric fi eld, one state will be occupied, while the other one will be emptied. This cor-
respond s to a transf er of  charg e e/ 2.  T he v alid ity of  this arg ument d epend s on how 
well these two particular states can b e separated  f rom the other electronic states 
on the surf ace.  By a comb ination of  analytic and  numerical arg uments,  we hav e 
shown that there are two energ y scales:  T he energ y splitting  of  the two states,  which 
vanishes with decreasing fl ux tube size, and the energy of the other states, which is 
determined by the system size, but independent of the (relative) fl ux tube size. By 
choosing  the electric potential in b etween these two energ y scales,  it is possib le to 
single out the response of these two states. In the limit of a vanishing fl ux tube size, 
this leads to the half-integer charge as described. For a fi nite fl ux tube size, which 
is ex perimentally more relev ant,  we hav e shown numerically that the ef f ect still 
yield s an appreciab le charg e response.  T his means that the ef f ect could  b e ob serv ed  
ex perimentally,  thoug h realising  the proposed  setup is likely challeng ing .

Topological quantum phases: Symmetries and 
charge response of topological insulators

⇑ Spherical topological insulator threaded by a thin magnetic fl ux tube with fl ux ĭ and subject to an electric fi eld Ez in v ertical d irec-
tion. Insertion of one fl ux quantum induces a charge ¨4   e/2. (a) Geometry. (b) Analytical result for the charge difference in the 
top hemisphere, ¨4(ĭ), in the thin fl ux tube limit for an external electric fi eld Ez, giving rise to a potential difference U   í2REz 
b etween top and  b ottom,  with eU  =  0. 2v F / R.  H ere,  R d enotes the rad ius of  the sphere and  v F  is the F ermi v elocity of  the sur f ace 
states.
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I  g ot to know the G rad uate School Build M oN a long  b ef ore I  j oined  the 
U niv ersity L eipzig  two years ag o.  I  was twice g iv ing  a lecture d uring  a 
Build M oN a teaching  mod ule.  Alread y at that time I  ad mired  that PhD  stud ents 
f rom d if f erent d isciplines among  them physics,  chemistry and  b iochemistry 
come tog ether,  learn tog ether and  ex chang e knowled g e and  id eas.  W hen j oining  
BuildMoNa last year and experiencing my first BuildMoNa conference, I was im-
pressed  b y the top lev el science and  the q uality of  the talks g iv en b y the stud ent 
memb ers.  F urthermore,  Build M oN a unites memb ers f rom a larg e numb er of  d if f e-
rent nations.  T hus,  looking  at Build M oN a as a “ newcomer” ,  the g rad uate school is 
truly successf ul,  hig hly interd isciplinary and  international.  T he stud ent memb ers 
g et here a g reat opportunity to look outsid e their research g roup and  their speci-
alist area.  T his setting  is truly uniq ue within L eipzig  and  should  in my opinion 
b e taken as a prototype ex ample f or the f ound ation of  other g rad uate schools.  

 BuildMoNa’s ninth year –  
 a principal investigator’s view  

Prof. Dr. Ralf Seidel

E x periences

D espite its success Build M oN a is now in a transition period  and  will hav e to 
chang e in the coming  months and  years.  T his is d ue to the f und ing  that will b e 
only prov id ed  b y the univ ersity in the f uture,  new rules f or g rad uate schools d e-
mand ed  b y the ad ministration and  at least in physics d ue to the omission of  the ex -
amination prior the PhD defense that reduced for some students the benefits of the 
school.  I  am f ully conv inced  that Build M oN a will successf ully master this transi-
tion period ,  since the past and  present Build M oN a lead ership has always succee-
d ed  in nav ig ating  throug h all the challeng es in the Build M oN a history.  N onethel-
ess,  I  want to take the opportunity to encourag e the PhD  stud ents of  the school 
to activ ely contrib ute to this transition and  take ov er ev en more initiativ e and  
responsib ility in shaping  Build M oN a.  I n my opinion Build M oN a could  b e a home 
f or all aspects of  a PhD  stud ent career includ ing  the research and  the PhD  stud ent 
training  b ut importantly also the social lif e includ ing  the social support and  ex -
chang e d uring  prob lems that may arise d uring  a PhD  work.  T o make Build M oN a 
to such a place,  a more “ b ottom-up”  org anisation will b e necessary,  mayb e in f orm 
of  a stud ent-org anised  Build M oN a conf erence or an annual stud ent retreat etc.

I n that sense I  am curious how Build M oN a will reshape itself  in the nex t 
one to two years while continuing  the successf ul ed ucation of  young  scien-
tists in preparing  them f or their f uture careers in ind ustry and  acad emia.  

 Prof. Dr. Ralf Seidel

Experiences
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T he G rad uate School Build M oN a of f ers a structured  prog ram to d octoral cand i-
d ates coming  f rom physics,  chemistry,  b iolog y and  b iochemistry.  T his means that 
the d octoral cand id ates g et an interd isciplinary ed ucation d uring  their time within 
the G rad uate School.  T his interd isciplinary ed ucation consists of  three parts:  sci-
entifi c modules, transferable skills modules and the participation in international 
conferences. In the scientifi c modules basic knowledge as well as latest research to-
pics are of f ered .  T he Principal I nv estig ators (PI ) org anise these mod ules in a b road  
v ariety of  styles:  lectures,  lab  tours,  ex periments b ut also symposia or international 
conf erences.  T he transf erab le skills mod ules are of f ered  mainly b y the Research 
Acad emy L eipzig  (RAL ).  T his is the parent org anisation wherein all g rad uate 
schools and  classes of  the U niv ersity of  L eipzig  are org anised .  U nf ortunately,  this is 
also the reason why the courses do not always suit the scientifi c background of the 
doctoral candidates. However, scientifi c writing or presentation workshops provide 
benefi cial skills not only for an academic career. Suggestions from the doctoral 
cand id ates f or workshop topics are possib le b ut the implementation is q uite slow.

 BuildMoNa’s ninth year – 
 a doctoral candidate’s view 

M.Sc. Phys. Peter Schlupp

Participation of  the d octoral cand id ates is especially possib le and  d esired  within 
the Annual Build M oN a C onf erence which takes place once a year in L eipzig .  I n-
ternational g uest speakers,  who can b e sug g ested  b y the d octoral cand id ates,  are 
inv ited  b y the speaker of  the d octoral cand id ates to this interd isciplinary ev ent.  All 
session chairs are memb ers of  Build M oN a.  E ach d octoral cand id ate should  contri-
b ute at least one talk in his or her time in the G rad uate School.  E v ery year,  the b est 
three talks as well as the b est three papers pub lished  in the last year are award ed  
with prizes.  A poster session is org anised  in the ev ening  g iv ing  the stud ents the op-
portunity to d iscuss their topics with their PI s.

E v ery year the g rad uate school also org anises a b arb ecue where all PI s and  d oc-
toral cand id ates are inv ited .  T his is always a g ood  possib ility f or g etting  in contact 
with each other.

Altog ether,  there are many chances f or the d octoral cand id ates to participate in 
different fi elds of the Graduate School. They can learn many important skills for 
their later career in both, scientifi c and non-scientifi c fi elds. After BuildMoNa has 
run f or the 9 th year,  there is a kind  of  routine in the org anisation and  ex ecution of  all 
parts.  I t is planned  to stab ilise the school with this structure within the RAL .  I f  this 
succeed s,  there would  b e a stab le f und ing  in the nex t years.  

 
 
   M.Sc. Phys. Peter Schlupp

Experiences
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T raining

T he research training  prog ramme consists of  the research work and  a well-struc-
tured  training  prog ramme in accord ance with the g uid elines of  the Research Acad -
emy L eipzig  at U niv ersitä t L eipzig  and  the f aculties’  g rad uation rules.  

T he training  prog ramme org anised  b y the g rad uate school has a mod ular struc-
ture (see tab le),  f rom which d octoral cand id ates may choose,  b ased  on their ind i-
v id ual skills and  time manag ement,  within three and  a half  years of  their g rad ua-
tion stud ies,  prov id ed  that 20 cred it points (10 g rad ed ,  10 non-g rad ed ) hav e b een 
ob tained .

I n ad d ition to the g rad uate school’ s training  prog ramme,  d octoral cand id ates can 
participate in ev ents of  the Research Acad emy and  H I G RAD E  (at the H elmholtz 
Centre for Environmental Research) including transferable skills and scientific ac-
tiv ities.

Training activity Month (March to February)

Type Min. CP M A M J J A S O N D J F

summer term winter term

Research work R –

Scientific and methods 
modules

R/E 10 M M M M M M M M M M

$nnual %uild0o1a 
Conference

R C

/iterature seminars R/E S S S S S S

*uest lectures�colloquia E 5 L L L L L L L L L L L L

7utoring R/E T T T T T T T T

Research stays abroad E flexible during the whole year (1 week up to a few months)

Summer�Zinter schools E

Industrial training E

Active participation in  
conferences�Zorkshops

R/E  flexible during the whole year (1 up to a few days)

7ransferable �generic� 
skills

R/E 5 S S S S S S S S

M M M M

 TRAINING CONCEPT 

Build M oN a training  prog ramme:  M ,  C ,  M :  two-d ay b locks,  
S:  1– 2 hours,  L ,  T :  2 hours per week
R =  req uired
E  =  electiv e
R / E  =  req uired -electiv e

Training
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Scientific and methods modules

 Basic concepts in molecular spectroscopy (2016-B4) 

16 / 17 June 2016,  
written exam, 2 credit points, yearly recurrence, 12 participants

T his mod ule introd uced  the b asic concepts in molecular spectroscopy,  i. e.  inf rared  
(I R),  (surf ace enhanced ) Raman- with imag ing  options and  b road b and  d ielectric 
spectroscopy (BD S),  nuclear mag netic resonance spectroscopy,  optical microscopy,
superresolution microscopy and single molecule fluorescence detection. 

R e s p o n s i b l e  S c i e n t i s t s / Le c t u r e r s :
Prof .  D r.  Bernd  Ab el,  Prof .  D r.  D aniel H uster,  Prof .  D r.  F ried rich K remer

C o n t e n t s :  
 ⇒ Q uantum mechanical f ound ation of  inf rared  spectroscopy
 ⇒ E x perimental principles of  F ourier transf orm inf rared  spectroscopy
 ⇒ Principle of  b road b and  d ielectric spectroscopy
 ⇒ M od ern applications of  b road b and  d ielectric spectroscopy
 ⇒ D iscussion of  the chemical shif t H amiltonian with isotropic and  anisotropic 
parts in N M R spectroscopy

 ⇒ Influence of sample orientation and molecular dynamics on the NMR signals
 ⇒ M ag ic ang le spinning
 ⇒ Requirements for single molecule fluorescence detection at low and room 
temperature

 ⇒ O ptical microscopy
 ⇒ Schemes as well as microscopic d etection b eyond  the d if f raction limit

 Basic concepts in electrochemistry (2016-B5) 

21 / 22 March 2016,  
written exam, 2 credit points, 20 participants

T his mod ule introd uced  the b asics in electrochemical method s,  i. e.  cyclic v oltam-
metry,  polarog raphy,  potentiometry.  T he d octoral cand id ates were g iv en an ov er-
view of applications within the fields of analytics, biocatalysis, (bio)electrosynthe-
sis,  and  the d ev elopment of  electrochemical energ y storag es and  f uel cells.

R e s p o n s i b l e  S c i e n t i s t s :
Prof .  D r.  D r.  h. c.  mult.  E v amarie H ey-H awkins,  D r.  And y Schmied

Le c t u r e r s :
D r.  F alk H arnisch,  U F Z  L eipzig ,  G ermany;  D r.  Alex and er H ild eb rand t,  T U  C hem-
nitz,  G ermany;  D r.  J ü rg en M attusch,  U F Z  L eipzig ,  G ermany;  Prof .  D r.  C hristina 
Roth,  F U  Berlin,  G ermany

C o n t e n t s :  
 ⇒ Basics in electrochemical method s,  electrod e processes,  structure of  
interf acial reg ion,  types of  electrochemical electrod es

 ⇒ E lectroanalytical method s:  i. e.  potentiometry,  polarog raphy,  cyclic 
v oltammetry,  sq uare wav e v oltammetry

 ⇒ C yclic v oltammetry as an ind ispensab le tool in materials d ev elopment,  b attery 
tests in f uel cells,  electrochemical imped ance spectroscopy

 ⇒ Stud y of  activ ity and  d eg rad ation phenomena,  spectroelectrochemistry –  
comb ining  spectroscopy and  electrochemistry

 ⇒ C ell d esig n
 ⇒ X -ray ab sorption spectroscopy to unrav el reaction mechanisms d uring  real 
operation

 ⇒ Applications:  characterisation of  multiv alent systems,  sensors,  b iosensors,  
b ioelectrocatalysis,  b ioelectrochemical reactors

      

 From molecules to materials – Artificial molecules and solid 

state crystals (2016-T4) 

19 / 20 September 2016, 
poster presentation, 2 credit points, bi-yearly recurrence with modification, 6 participantss

T his mod ule linked  molecular sciences and  materials science,  teached  how materi-
als with optimised  catalytic activ ity and  ad j ustab le mag netic,  electronic,  or optical 
properties are ob tained  f rom molecules,  and  prov id ed  an und erstand ing  of  the pro-
perties and  applications of  these materials.

R e s p o n s i b l e  S c i e n t i s t s :
Prof .  D r.  Pab lo E sq uinazi,  Prof .  D r.  J an M eij er

Le c t u r e r s :
Prof .  D r.  C hristoph Becher,  Saarland  U niv ersity,  Saarb r ü cken,  G ermany;  Prof .  D r.  
F ed or J elezko,  U lm U niv ersity,  G ermany;  D r.  Paolo O liv ero,  U niv ersity of  T orino,  
I taly;  D r.  Sé b astien Pezzag na,  U niv ersitä t L eipzig ,  G ermany;  D r.  J ose L uis Barzola 
Q uiq uia,  U niv ersitä t L eipzig ,  G ermany;  Prof .  D r.  J an M .  v an Ruitenb eek,  L eid en 

Training – Scientific and methods modules
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U niv ersity,  N etherland s;  Prof .  D r.  Ralf  Seid el,  U niv ersitä t L eipzig ,  G ermany;  D r.  
Daniel Spemann, Leibniz Institute of Surface Modification, Leipzig, Germany

C o n t e n t s :  
 ⇒ M aterials f rom “ hard ”  (synthetic molecules,  crystalline nanostructures,  
q uantumelectronic structures) b uild ing  b locks and / or “ sof t ”  (polymers,  
biomolecules, MOFs, metal-binding peptides, thin films) building blocks

 ⇒ Supramolecular arrang ements (proteins and  peptid es tog ether with 
modifications to improve the material qualities [pegylation, lipidation, 
g lycosylation] )

 ⇒ Properties of  these materials (mag netic,  electronic,  and  optical properties,  
electronic,  photonic,  and  mag netoresistiv e d ev ices,  supercond uctiv ity)

 ⇒ Applications (catalysis [immobilised catalysts, MOFs], gas separation or gas 
storage [MOFs], sensors in electronics and photonics, quantum information 
technology [spintronics], energy conversion [including solar energy])

 ⇒ T heory (structure and  interf aces within systems containing  complex  nano-
ag g reg ates)

 ⇒ Atomistic particle transport throug h M O F s

M e t h o d s :
 ⇒ I mmob ilisation techniq ues
 ⇒ Deposition (chemical vapour deposition [C9D, PEC9D, MO9PE], physical 
deposition [PLD], atomic layer deposition [ALD])

 ⇒ Surf ace analysis (M I E S)
 ⇒ D ev ice characterisation (e. g .  I –  V ,  C –  V ,  S-Parameter)

 ⇒ M od elling  (mesoscale simulations,  classical molecular d ynamics simulations,  
multi-scalar approach,  Q M / M M  simulations,  ad v anced  M onte C arlo 
techniq ues)

 From biomolecules to cells (2016-T5) 

19 / 20 July 2016,  
written exam, 2 credit points, bi-yearly recurrence with modification, 18 participants

T he mod ule prov id ed  tools and  concepts f rom b iophysics,  b iochemistry,  molecu-
lar and  cell b iolog y,  nanophotonics,  and  theory that are helpf ul f or und erstand ing ,  
measuring ,  and  manipulating  liv e b iolog ical cells and  their motility and  transport 
properties,  as well as self -propelled  microorg anisms f rom a b ottom-up perspectiv e,  
i. e.  on a mechanistic molecular b asis.  T he emphasis was on innov ativ e interd isci-
plinary concepts and  method s,  and  estab lished  and  emerg ing  physical measurement 
techniq ues.

R e s p o n s i b l e  S c i e n t i s t s :
Prof .  D r.  K laus K roy

Le c t u r e r s :
D r.  K aren Alim,  M PI  G ö tting en,  G ermany;  Prof .  D r.  C arsten Beta,  U ni Potsd am,  
G ermany;  D r.  Benj amin F ried rich,  M PI  D resd en,  G ermany;  Prof .  D r.  Sarah K ö ster,  
University of G|ttingen, Germany� Dr. Frank 9ollmer, MPI Erlangen, Germany� 
Dr. 9asily =aburdaev, MPI Dresden, Germany

C o n t e n t s :
 ⇒ Structure and  constituents of  the cytoskeleton
 ⇒ Slime mold s
 ⇒ F ung i
 ⇒ Self assemb ly,  cell mechanics,  molecular interactions
 ⇒ Intermediate filaments
 ⇒ E stab lished  and  nov el b iophysical measurement techniq ues
 ⇒ M otility of  microorg anisms,  org anelles employed  to achiev e self -propulsion 
(flagella, cilia)

 ⇒ Rand om walks in b iolog y
 ⇒ Stochastic mod els used  to q uantif y the motion of  cells and  of  particles insid e 
cells

 ⇒ Bacteria and  eukaryotic cells perf orming  chemotax is
 ⇒ C ell motility b eyond  rand om walks

Training – Scientific and methods modules

⇑ Participants of the module From molecules to materials – Artificial molecules and solid state crystals. 
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M e t h o d s :
 ⇒ Biophysical tools and  method s:  small ang le x -ray scattering ,  lig ht scattering ,  
microfluidics, microscopy, x-ray imaging, optical tweezers, nanophotonic 
d etection

 ⇒ T heoretical and  numerical method s:  rand om walks,  L ang ev in eq uations,  
correlation f unctions,  traj ectory analysis,  nonlinear d ynamics,  low-Reynold s-
numb er hyd rod ynamics,  M onte C arlo simulations

 Hybrid systems – Metamaterials (2016-T6) 

29 / 30 September 2016,  
poster presentation, 2 credit points, bi-yearly recurrence with modification, 9 participants

T he mod ule teached  the principles of  and  mod ern d ev elopments in metamaterials.

R e s p o n s i b l e  S c i e n t i s t s :
Prof .  D r.  F rank C ichos,  Prof .  D r.  M arius G rund mann

Le c t u r e r s :
Prof .  D r.  M ikhail Belkin,  T he U niv ersity of  T ex as at Austin,  U nited  States;  Prof .  
D r.  K urt Bosch,  H umb old t-U niv ersit ä t zu Berlin,  G ermany;  Prof .  D r.  Rud olf  
Bratschitsch, Universität M�nster, Germany� Dr. Patrice Genevet, CRHEA, 9al-
b onne,  F rance;  D r.  G eof f roy L erosey,  I nstitut L ang ev in,  E SPC I  Paris T ech and  
C N RS,  F rance;  Prof .  D r.  M arkus L ippitz,  U niv ersitä t Bayreuth,  G ermany;  Prof .  D r.  
T homas Pertsch,  F ried rich-Schiller-U niv ersitä t J ena,  G ermany;  Prof .  D r.  C arsten 
Ronning ,  F ried rich-Schiller-U niv ersitä t J ena,  G ermany;  D r.  Serg ey Sad of ev ,  H um-
b old t-U niv ersitä t zu Berlin,  G ermany

C o n t e n t s :
 ⇒ Metamaterials are artificial materials with specific optical properties, typically 
ev oked  with sub -wav eleng th structures (period ic or non-period ic) in ord er to 
manag e the d ielectric f unction in particular ways such as neg ativ e ind ex  of  
ref raction

 ⇒ W hile structural f eatures are easy to f ab ricate f or the micro-wav e reg ime,  
structural f eatures acting  in the v isib le spectral rang e are typically λ / 4 (ab out 
100 nm) with ev en hig her precision (f ew nm) req uire nano-f ab rication tools

M e t h o d s :
 ⇒ T heoretical calculations of  M ax well’ s eq uations in the sub -wav eleng th reg ime
 ⇒ C alculation of  ef f ectiv e d ielectric f unctions
 ⇒ N anof ab rication of  structures
 ⇒ I on b eam f ab rication
 ⇒ L ithog raphy-b ased  processing

 Smart and active assemblies: Advanced fluorescence 
techniques (2016-A1) 

23 / 24 November 2016,
poster presentation, 2 credit points, bi-yearly recurrence with modification, 11 participants

T his mod ule f or physicists,  chemists and  b iochemists f ocused  on an in d epth ex -
planation of recently emerged advanced fluorescence and microscopy techniques 
including the development of smart fluorescence based sensors. Beyond introduc-
ing  these techniq ues,  their application in a b road  v ariety of  current cutting -ed g e 
scientific problems was demonstrated.

R e s p o n s i b l e  S c i e n t i s t s / Le c t u r e r s :
Prof .  D r.  Ralf  Seid el

Le c t u r e r s :
D r.  K irsten Bacia,  M artin-L uther-U niv ersity,  H alle,  G ermany;  D r.  C hristian Bö kel,  
T echnical U niv ersity D resd en,  G ermany;  Prof .  D r.  T homas K ief hab er,  T echnical 
U niv ersity of  M unich,  G ermany;  Prof .  D r.  And reas L utter,  K iel U niv ersity,  G er-
many;  Prof .  D r.  M ichael Schlierf ,  B C ub e C enter f or M olecular Bioeng ineering ,  
D resd en,  G ermany;  D r.  Sand ra O rthaus,  PicoQ uant,  Berlin,  G ermany

Training – Scientific and methods modules

⇑ Participants of  the mod ule H yb rid  systems –  M etamaterials.  
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C o n t e n t s :
 ⇒ Fluorescence (phenomenon, fluorescence lifetime, Fluorescence-Resonance- 
Energy-Transfer FRET, fluorescence anisotropy)

 ⇒ F luorescence spectroscopy (time-resolv ed  spectroscopy,  T riplet-T riplet-
Q uenching )

 ⇒ Fluorescence microscopy (confocal and wide-field microscopy, super-
resolution microscopy)

 ⇒ F luorescence-(C ross-)C orrelation-Spectroscopy (D if f usion of  molecules,  
interaction b etween molecules)

 ⇒ Time-resolved single-molecule spectroscopy, confocal and wide-field FRET
 ⇒ Investigations of biological macromolecules/machines using fluorescence 
techniques, labeling of proteins with fluorescence markers (e.g. using non-
natural amino acid  incorporation)

 ⇒ Fluorescence sensors for in vivo applications based on fluorescent proteins

M e t h o d s :
 ⇒ Time resolved, fluorescence spectroscopy
 ⇒ Confocal and wide-field microscopy
 ⇒ Time-resolved fluorescence microscopy
 ⇒ M ulti-colour d etection
 ⇒ C orrelation spectroscopy
 ⇒ Protein lab eling

Scientific minisymposium
 Physics of cancer (2016-A2) 

04 October – 06 October 2016

T he sev enth Build M oN a M inisymposium was org anised  b y the research g roup of  
Prof .  D r.  J .  K ä s.  I t b roug ht tog ether researchers f rom the world wid e pioneering  
g roups that are concerned  with the inv estig ation of  the physical mechanisms und er-
lying  cancer prog ression.  T he speakers were:

 ⇒ E .  Barnhill,  C harité  Berlin,  G ermany,  InYestigating +eterogeneity of 7umour 
0echanical Properties Zith Super-Resolution 0ultifrequency 0agnetic 
Resonance (lastography

 ⇒ H .  C lausen-Schaumann,  U niv ersity of  Applied  Sciences M unich,  G ermany,  
Cancer 0etastasis in %one: InYestigating the Role of Cancer Cell Interaction 

Zith %one 0atrix Proteins and 0esenchymal Stem Cells on the Single 
Cell /eYel

 ⇒ F .  C leri,  L ille U niv ersity I ,  F rance,  Insights about the Role of Single- and 
'ouble-Strand %reaks in Cancer Radiotherapy

 ⇒ P.  M .  D av id son,  I nstitut C urie,  Paris,  F rance,  /I1C-ing the 1ucleus, the 
Cytoskeleton and Cancer

 ⇒ H . - G .  D ö b ereiner,  U niv ersity of  Bremen,  G ermany,  'ynamics of Circular 
'orsal Ruffles and their Role in Cancer

 ⇒ D .  Allen E hrlicher,  M cG ill U niv ersity,  M ontré al,  C anad a,  Cytoskeleton 
0echanics and Forces in Cancer

 ⇒ R.  E ils,  G erman C ancer Research C enter,  H eid elb erg ,  G ermany,  Phenotyping 
Single Cell 'eriYed 0icrotissues by 7ime-ResolYed Imaging and 0olecular 
Sequencings

 ⇒ B.  F ab ry,  F ried rich-Alex and er U niv ersity of  E rlang en-N uremb erg ,  G ermany,  
1oYel 0ethods to Study Cancer Cell 0igration and InYasion

 ⇒ K .  F ranze,  U niv ersity of  C amb rid g e,  U nited  K ing d om,  7he 0echanical 
Control of C1S 'eYelopment and 'isease

 ⇒ P.  F ried l,  T he U niv ersity of  T ex as,  H ouston,  U nited  States,  0echanics of 
Cancer Cell InYasion in 9iYo

 ⇒ D .  G oncalv es-Schmid t,  L eib niz-I nstitut f or Polymer Research D resd en,  
G ermany,  'eath by *old:  7argeting InYasiYe *lioblastoma Cells by Peptide - 
Functionalised *old 1anorods

 ⇒ C . -M .  H orej s,  K arolinska I nstitutet,  Solna,  Swed en,  %asement 0embrane 
Fragments Contribute to the Regulation of the (pithelial-to-0esenchymal 
Transition

 ⇒ P.  J anmey,  U niv ersity of  Pennsylv ania,  U nited  States,  (ffect of +yaluronic 
$cid on 0echanoresponse of Cancer Cells

 ⇒ J .  A.  K ä s,  U niv ersitä t L eipzig ,  G ermany,  Why 'o Rigid 7umors Contain Soft 
Cancer Cells"

 ⇒ S.  K ö ster,  G eorg  Aug ust U niv ersity G ö tting en,  G ermany,  Cytoskeletal 
Intermediate Filaments - from Self-$ssembly to Cell 0echanics

 ⇒ W .  L osert,  U niv ersity of  M aryland ,  U nited  States,  0easuring and 0odeling 
CollectiYe Cell 0igration

 ⇒ C .  M ark,  F ried rich-Alex and er U niv ersity E rlang en-N uremb erg ,  G ermany,  
Change 0atters: $ 7ime-9arying Parameter 0odel for Cell 0igration

 ⇒ L. J. McCawley, 9anderbilt-Ingram Cancer Center, Nashville, United 
States,  Physical 'ynamics of Cancer Response to Chemotherapy in �' 
0icroenYironments: $ Platform to (xamine Complex Physical and Chemical 
0icroenYironments

 ⇒ J .  J .  M in,  C honnam N ational U niv ersity M ed ical School,  Repub lic of  K orea,  
%acteria $ssociated Cancer 7heranostics: When %acteria 0eet Cancer

 ⇒ H .  M ohammad i,  T he F rancis C rick I nstitute,  L ond on,  U nited  K ing d om,  

Training – Scientific minisymposium
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Fiber Slippage in Collagen 0atrices (nables /ong-range 7ransmission of 
0echanical Signals %etZeen /ocal Cells

 ⇒ D .  N ied erwieser,  U niv ersity H ospital L eipzig ,  G ermany,  Gene Therapy 
Coming of $ge

 ⇒ T. Pfl�ger, NanoTemper Technologies GmbH, Munich, Germany, 1oYel 7ools 
for 'iscoYery, 'eYelopment and 4C of 7herapeutic �%io�0olecules

 ⇒ M .  Q uaisser,  T A I nstruments AG ,  E schb orn,  G ermany,  7$ Instruments - +igh 
Performance 7hermal and Rheological Characterisation

 ⇒ J .  Rä d ler,  L ud wig  M ax imilians U niv ersity of  M unich,  G ermany,  0icro-
Structured Surfaces for $ssessment of 0igratory Phenotypes

 ⇒ J .  Schnauß ,  U niv ersitä t L eipzig ,  G ermany,  Programming the 0echanical 
Properties of %ionic 1etZorks

 ⇒ R.  Seid el,  U niv ersitä t L eipzig ,  G ermany,  0embrane - 7argeting '1$ 
1anostructures

 ⇒ F .  Simmel,  T echnical U niv ersity M unich,  G ermany,  Condensing '1$ into 
1anostructures

 ⇒ D .  M .  Smith,  F raunhof er I nstitute f or C ell T herapy and  I mmunolog y,  
L eipzig ,  G ermany,  %ottom-up (ngineering of 1anoscale 'eYices to Program 
%iological 0aterials

 ⇒ D .  Stamov ,  J PK  I nstruments AG ,  Berlin,  0ultiparametric Imaging of Collagen 
I Self-$ssembly, and Cytoskeleton  Reorganisation in /iYing Cells

 ⇒ M .  Szard ening s,  F raunhof er I nstitute f or C ell T herapy and  I mmunolog y,  
L eipzig ,  G ermany,  Cell %inding Peptides from Statistical $nalysis of Random 
Peptide Phage 'isplay /ibraries

 ⇒ K .  T anner,  N ational C ancer I nstitute,  Bethesd a,  U nited  States,  Probing the 
Physical Properties of the 0icroenYironment 1iche

 ⇒ A.  T eix eira,  K arolinska I nstitutet,  Solna,  Swed en,  Spatial Signalling at the 
0embrane

 ⇒ R.  W ells,  U niv ersity of  Pennsylv ania,  U nited  States,  /iYer 0echanics and 
+epatocellular Carcinoma

 ⇒ D .  W eihs,  T echnion-I srael I nstitute of  T echnolog y,  H aif a,  I srael,  
0echanobiology, 0igration and Coordinated Cell-Remodeling in InYading 
%reast-Cancer Cells

 ⇒ S.  Z ahler,  L ud wig  M ax imilian U niv ersity of  M unich,  G ermany,  0echanical 
$spects of $ngiogenesis

 ⇒ T .  Z ech,  U niv ersity of  L iv erpool,  U nited  K ing d om,  0atrix $dhesion Sites 
'riYe �' Cancer Cell 0igration through 'irect Force Coupling to the 
1ucleus

 ⇒ M .  Z ink,  U niv ersitä t L eipzig ,  G ermany,  (mploying 1anostructured Scaffolds 
for /ong-7erm $dult 7issue Culture and InYestigation of 7issue 0echanics at 
the 1anoscale

Transferable skills workshops

 Presentation workshop 

Dr. Frank Lorenz, Rhetoric Excellence,
03 / 17 March 2016 in combination with the Annual BuildMoNa Conference,    
10 participants

H ow to g iv e successf ul oral presentations in the natural and  related  sciences?  T he 
workshop (held  in E ng lish lang uag e throug hout) aimed  at an improv ement of  the 
presentation skills of  d octoral cand id ates.  Besid es a short rev iew of  the b asic f oun-
d ations of  successf ul oral presentations,  the workshop cov ered  ad v anced  method s 
and  techniq ues f or preparing  and  perf orming  oral presentations with special f ocus 
on the particular setting at international scientific conferences. As a major element 
of  the workshop,  the attend ees j ointly prepared  and  practiced  their yearly prog ress 
report presentation in f ront of  their colleag ues and  ad v isors.  T he presentation at 
the report meeting  was monitored  b y v id eo and  thoroug hly analysed  in g roup and  
plenary d iscussions with the colleag ues on the second  workshop d ay.

⇑ Invited speakers of the scientific minisymposium
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C olloq uia
Invited Speaker Institution Title Date Place

Prof. Dr. Toby Bell 0onash 8niYersity, 0elbourne, 
$ustralia

Super-resolution localisation micros-
copy: Resolving fluorescence from single 
molecules in time and space

15 June 2016 Faculty of Chemistry and 0ineralogy

Prof. Dr. Marjan 
Randjelovic

8niYersity of 1iã, Serbia Xonotlite and wollastonite as bioceramic 
materials: Process parameters for their 
electrophoretic deposition on stainless 
steel substrate

15 November 2016 Faculty of Chemistry and 0ineralogy

Prof. Dr. Aleksandra 
Zarubica

8niYersity of 1iã, Serbia Spider silk-based materials: Perspective(s) 
in regenerative and biomedicine

15 November 2016 Faculty of Chemistry and 0ineralogy

Prof. Dr. Rudolf Pietschnig 8niYersitlt .assel, *ermany Henkel mit Funktion - Phosphorreiche 
[3] Ferrocenophane

23 November 2016 Faculty of Chemistry and 0ineralogy
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Annual Build M oN a C onf erence

T he f ourth annual conf erence of  the G rad uate School “ L eipzig  School of  N atural 
Sciences –  Build ing  with M olecules and  N ano-ob j ects”  (Build M oN a) was held  on 
14 and  15 M arch 2016 at the F aculty of  C hemistry and  M ineralog y.  T he f ollowing  
renowned  g uest speakers g av e talks on current topics of  Build M oN a:  

 ⇒ Prof .  D r.  T homas H ø eg -J ensen,  N ov o N ord isk and  U niv ersity of  C openhag en:   
'esign of Insulin 'egludec and Co-Formulations Zith Insulin $spart and 
/iraglutid

 ⇒ Prof .  D r.  G ianaurelio C unib erti,  T U  D resd en:   
ReinYenting Computing or: 0olecular (lectronics is 'ead, /ong /iYe 
0olecular (lectronics�

 ⇒ Prof .  D r.  I ng rid  M ertig ,  M artin-L uther U niv ersitä t H alle-W ittenb erg :   
7ransYersal 7ransport Coefficients and 7opological Properties

During the poster session, doctoral candidates presented their scientific topics and 
d iscussed  them with the international g uests,  receiv ing  f urther inspiration f or their 
work at the G rad uate School Build M oN a.

Annual BuildMoNa Conference

 F urthermore,  the Build M oN a Award s were g iv en to d octoral cand id ates to rec-
ognise their outstanding scientific achievements. 

Mareen Pagel (Institute of Biochemistry) received the first prize for her work on 
the d ev elopment of  multif unctional coating  that d isplays two cell b ind ing  peptid es,  
pub lished  in:  

0ultifunctional Coating ImproYes Cell $dhesion on 7itanium by CooperatiYely 
$cting Peptides 
M .  Pag el,  R.  H assert,  T .  J ohn,  K .  Braun,  M .  W iessler,  B.  Ab el,  A.  G .  Beck-Sick-
ing er /  Ang ew.  C hem.  I nt.  E d .  (2016) 55 1

M arco Braun (I nstitute f or E x perimental Physics I ) receiv ed  the second  prize f or 
his work on the d ev elopment of  a sing le molecule trapping  method ,  pub lished  in:

Single 0olecules 7rapped by 'ynamic Inhomogeneous 7emperature Fields
M .  Braun,  A.  P.  Breg ulla,  K .  G ü nther,  M .  M ertig ,  F .  C ichos /  N ano L etters 
(2015) 15 549 9

⇑ Participants of  the Annual Build M oN a C onf erence
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U ta Allenstein (I nstitute f or E x perimental Physics I I ,  L eib niz I nstitute of  Surf ace 
Modification (IOM)) was awarded the third prize for her experiments and calcula-
tions on b iomimetic hyd rox yapatite coating s on f erromag netic shape-memory al-
loys,  pub lished  in:

Coupling of 0etals and %iominerals: Characterising the Interface %etZeen 
Ferromagnetic Shape-0emory $lloys and +ydroxyapatite
U .  Allenstein,  S.  Selle,  M .  T ad sen,  C .  Patzig ,  T .  H ö che,  M .  Z ink,  S.  G .  M ayr /  
AC S Applied  M aterials &  I nterf aces (2015) 7 15331

and  her new insig hts on contractile f orces using  a cantilev er b end ing  ex periment,  
pub lished  in:

Contractile Cell Forces 'eform 0acroscopic CantileYers and 4uantify %ioma-
terial Performance
U .  Allenstein,  S.  G .  M ayr,  M .  Z ink/  Sof t M atter (2015) 11 5053

15 doctoral candidates presented their scientific results with short talks. Presenta-
tions covered the whole research profile of the graduate school: Development of 
nov el materials f rom appropriate b uild ing  b locks,  such as nano-ob j ects,  tailor-mad e 
molecules and  polymers as well as peptid es and  proteins.  M echanisms of  material 
f ormation f rom b uild ing  b locks,  e. g .  self -org anisation,  were also includ ed .

F or the 10 participants of  the Presentation W orkshop b y D r.  F rank L orenz this 
was the opportunity to d irectly apply their newly acq uired  knowled g e in that area.  
Their talks were filmed and critically discussed afterwards. At the end of the work-
shop a j ury selected  the three b est presentations g iv en b y the d octoral cand id ates.

⇑ W inners of  the Build M oN a Award s 2016:  U ta Allenstein,  M arco 
Braun,  M areen Pag el (f rom rig ht to lef t)

Annual BuildMoNa Conference

⇑ W inners of  the presentation award s at the Annual Build M oN a 
Conference together with the Speaker and 9ice-speaker of the 
G ra d uate School:  M arcel W ille,  Prof .  D r.  M arius G rund mann,  
Prof .  D r.  E v amarie H ey-H awkins,  Rob ert K uhnert,  Antonio 
Buzharev ski (f rom rig ht to lef t)

The first prize was awarded to Robert Kuhnert for his presentation “Carbabo-
ranes as phenyl mimetics f or the inhib ition of  lipox yg enases” ,  the second  to Anto-
nio Buzharev ski f or his presentation “ C arb oranyl analog ues of  nonsteroid al anti-
inflammatory drugs (NSAIDs)” and the third to Marcel Wille for “Lasing dynamics 
in Z nO  nanowires” .
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