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Dear Reader,

What motivated the establishment of the Center for Nanosystems Chemistry? 

More than in any other fi eld of organic chemistry, the application of 
supramolecular principles belongs to the repertoire of preparative chemists 
working on the development of functional molecules and materials required 
to solve important challenges in the areas of energy, communication, 
environment, and health.  Indeed, materials development in the 21st century 
will increasingly take advantage of supramolecular design principles. To make progress here, self-
organization processes will play an important role in designing complex multicomponent mixtures 
and bulk materials/solids with emergent functional properties. Ultimately, a successful interplay 
of synthetic and biological nanosystems will be achieved and will open an entirely new research 
fi eld beyond chemistry.

When a young chemist approaches the fi eld of nanosystems chemistry, however, (s)he will 
immediately realize that neither his/her knowledge acquired in classical chemistry courses nor 
the instrumentation commonly available in chemistry departments are suffi cient to accurately 
understand supramolecular nanostructures. It is the concept of CNC to provide an environment 
for advanced young researchers where suitable instrumentation and know-how enable them to 
initiate independent fi elds of research. Established scientists at CNC will provide an umbrella 
to nurture their innovative ideas, provide sophisticated instrumentation for nanosystems 
characterization, and attract world-leading scientists as visiting professors for lectures and 
scientifi c discussions.

Würzburg, October 2016

Daniel Peter
Ingo Peters Frank Würthner

Würzburg, October 2016
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The Center for Nanosystems Chemistry (CNC) was founded 
in 2010 and located initially in the Institute of Organic 
Chemistry. In 2012 funds for a research building were granted 
by the Federal State of Bavaria within the interdisciplinary 
research programme “Solar Technologies Go Hybrid“. This 
programme is carried out between the Bavarian Universities 
in Bayreuth, Erlangen-Nürnberg, Munich (LMU and TUM) and 
Würzburg with the goal to explore new innovative concepts 
for converting solar energy into electricity and non fossil 
fuels. CNC hosts the Key Laboratory of Supramolecular 
Photosystems for Solar Energy Conversion.

The Key Laboratory of Supramolecular Polymers of the 
Bavarian Polymer Institute (BPI), initiated in 2016 as a joint 
resarch institute of the Universities of Bayreuth, Erlangen-
Nürnberg and Würzburg, is also located in this new building.

Facts & Impressions
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Building - south elevation 

Facts & Impressions Facts & Impressions

Space:                 1.255 m²
First fl oor:    Synthesis
Ground fl oor:    Material 
     Sciences
Basement:    Spectroscopy 
     & Analytics

Capital 
investment:   8.75 M EUR

Staff:    45

Building - entrance

Small conference corner

Lecture room

Stairway
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Laboratory and equipment

Facts & Impressions Facts & Impressions

Bruker Avance III HD 400



JMU Würzburg     1312     JMU Würzburg

Concept & Realization Concept & Realization

Approximately 100 years ago the chemist Emil Fischer (Nobel Prize 1902) 
conducted his revolutionary research in the field of sugar chemistry at the 
University of Würzburg (1885-1892). One of his many proposals, the Lock and 
Key Model, became the basis for understanding supra- and biomolecular re-
cognition processes. Today, understanding intermolecular self-association 
of molecules, similar to a chemical lock and key process, helps explain the 
development and function of living matter and allows for the rational design 
of functional materials. 

To address challenges in the development of this chemistry beyond the mo-
lecule, in particular in the area of materials science, the CNC was established as a purely research 
focused supplementary unit of the Institute of Organic Chemistry in 2010 and equipped with mo-
dern instruments for materials analytics including a scanning electron microscope (SEM), an atomic 
force microscope (AFM), two X-ray diffraction instruments and instrumentation for the preparation 
and characterization of organic electronics devices. Next, in 2012 substantial funds were provided 
by the State of Bavaria for a 1255 m2 research building which was finished in 2016 and accommo-
dates now expanded materials analytics sections and several junior research groups.



Concept & Realization Concept & Realization
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With the new building and its shared analytical facilities 
CNC is a most attractive location for research in the fi eld of 
“Supramolecular Materials“ for young scientists that aim to enter 
an independent scientifi c career.

Thus, advanced early career researchers receive the chance to 
develop projects on their own provided by seed funding from 
CNC and get support for their applications for establishing 
themselves as independent researchers. CNC will continue to 
support their career, e.g. towards a Habilitation and beyond 
as a Privatdozent, for young researchers that demonstrated 
the capability to develop innovative research proposals which 
received support from the DFG-Emmy-Noether-programme, AvH-
Sofja-Kovalevstzaja-programme, ERC starting grants or related 
programmes.

CNC supports careers of young scientistsAccording to our mission, 

scientists at CNC in Würzburg study how 
specifi cally tailored molecules organize into 
larger supramolecular assemblies and further 
into hierarchically structured nanomaterials. 
The unique properties that emerge in such 
complex materials as a result of the interplay 
of single components are investigated from a 
fundamental point of view but also developed 
towards new applications. 

Prof. Würthner with the CNC junior group leaders (from left to right) 
Agnieszka Nowak-Król, Gustavo Fernández*, Matthias Stolte, 

Florian Beuerle in 2015

*In September 2015 Gustavo Fernández moved to the University of Münster to become professor of organic chemistry.
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Concept & Realization Concept & Realization

Flash chromatography system
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Research Group Leaders

Research Profi le
Our research is devoted to the development of advanced organic 
materials based on functional dyes such as perylene and naph-
thalene bisimides, merocyanines, squaraines, chlorins and dike-
topyrrolopyrroles by employing supramolecular approaches. To-
wards this objective, we design and synthesize novel molecular 
building blocks and explore their self-assembly into nanoscale 
architectures and liquid-crystalline and crystalline solid-state 
materials that are applied in (opto-)electronic and photovoltaic 
devices as well as in photocatalytic water splitting.

+49 931 3185340  frank.wuerthner@uni-wuerzburg.de

Prof. Dr. Frank Würthner

since 2010      Director of the Center for Nanosystems Chemistry, 
       University of  Würzburg

since 2002      Chair Professor, Institute of Organic Chemistry, 
       University of Würzburg,  

1997-2001      Habilitation, University of Ulm 

1995-1996      BASF Central Research Laboratories, 
       Ludwigshafen

1994-1995      Feodor Lynen postdoctoral fellow (AvH), 
       Massachusetts Institute of Technology (MIT), 
       Cambridge/MA (USA)

1993       Dr. rer. nat. (Organic Chemistry), University of Stuttgart

JMU Würzburg     19

Research Group Leadersfrank.wuerthner@uni-wuerzburg.de +49 931 3185340 

Globalization 
makes science 

increasingly 
competitive, 

but also enables 
interdisciplinary 

and multi-national 
teams to approach 

major scientific 
challenges.

„
Key Publications
S. Ogi et al., J. Am. Chem. Soc. 2015, 137, 3300–3307: Mechanism of Self-Assembly 
Process and Seeded Supramolecular Polymerization of Perylene Bisimide 
Organogelator
S. Seifert et al., Angew. Chem. Int. Ed. 2016, 55, 6390-6395: An Electron-Poor 
C64 Nanographene by Palladium-Catalyzed Cascade C-C Bond Formation: One-
Pot Synthesis and Single-Crystal Structure Analysis
M. Schulze et al., Nature Chem. 2016, 8, 576-583: A Supramolecular ruthenium 
macrocycle with high catalytic activity for water oxidation that mechanistically 
mimics photosystem II



Research Group Leaders +49 931 3189693       claudia.hoebartner@uni-wuerzburg.de Research Group Leadersclaudia.hoebartner@uni-wuerzburg.de         +49 931 3189693

The joy 
in science 

is to be surprised 
by Nature

„

Research Profi le
In our research we merge synthetic chemistry with biomolecular 
engineering to address the chemistry of functional nucleic 
acids. We synthesize DNA and RNA with diverse modifi cations 
and labels, and harness the ability of synthetic DNA and RNA to 
assemble into functional complexes. This allows us to construct 
DNA catalysts for biomolecular transformations, including RNA 
labeling and detection of natural RNA modifi cations, and to 
engineer RNA aptamers that endow bound ligands with new 
functions. We are excited to explore the versatility of synthetic 
DNA and RNA for new applications at the interface of organic 
chemistry with biology, medicine and nanotechnology.

Key Publications
A. Ponce-Salvatierra et al., Nature 2016, 529, 231-234, Crystal structure of a 
DNA catalyst. 
B. Samanta et al. Angew. Chem. Int. Ed. 2016, 55, 1912-1916, Fluorogenic 
labeling of 5-formylpyrimidines in DNA and RNA.
L. Büttner et al. J. Am. Chem. Soc. 2014, 136, 8131-8137, Site-specifi c labeling 
of RNA at internal ribose hydroxyl groups: terbium-assisted deoxyribozymes 
at work.
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Key Publications

Prof. Dr. Claudia Höbartner

since 2017 Professor, Institute of Organic Chemistry, 
  University of Würzburg

2014-2017 Professor, Institute of Organic and Biomolecular Chemistry,
  University of Göttingen

2008-2015 Max Planck Research Group leader, 

  MPI for Biophysical Chemistry, Göttingen

2007  Hertha Firnberg postdoctoral fellow (FWF & bmwf),
  University of Innsbruck (AT)

2005-2007 Erwin Schrödinger postdoctoral fellow (FWF), 

  University of Illinois at Urbana-Champaign (IL/USA)

2004  Dr. rer. nat. (Organic Chemistry), University of Innsbruck (AT)



Research Group Leaders +49 931 3185318  christoph.lambert@uni-wuerzburg.de Research Group Leaderschristoph.lambert@uni-wuerzburg.de +49 931 3185318
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Prof. Dr. Christoph Lambert

since 2009      Chair Professor, Institute of Organic Chemistry, 
       University of Würzburg

2009       Chair Professor, Institute of Organic Chemistry, 
                   University of Bonn offered, declined

1999-2009      Professor (C3) Institute of Organic Chemistry,  
       University of Würzburg

1998       Habilitation, University of Regensburg

1993-1994      Postdoctoral fellow (DAAD), 
       University of Cambridge (UK)

1991-1993      Dr. rer. nat. (Organic Chemistry), 
       University of Erlangen-Nürnberg 

Research Profi le
The research of our group focuses not only on the synthesis 
of monomeric as well as polymeric p-conjugated electron 
systems but also on the electrochemical (cyclic voltammetry, 
spectroelectrochemistry in the UV/vis/NIR) and photophysical 
characterisation (steady-state absorption and emission 
spectroscopy, transient absorption spectroscopy in the fs- to 
µs time regime, fl uorescence upconversion, magnetic-fi eld 
dependent transient absorption measurements) of these systems 
with regard to their electron and energy transfer properties. 

Beware of  
results that 
meet your 

expectations, 
they may 

nevertheless 
be wrong.

„Key Publications
J. H. Klein et al., J. Am. Chem. Soc. 2015, 137, 11011-11021, Complete Monitoring 
of Coherent and Incoherent Spin Flip Domains in the Recombination of Charge-
Separated States of Donor-Iridium Complex-Acceptor Triads
C. Lambert et al., J. Am. Chem. Soc. 2015, 137, 7851-7861, Energy Transfer 
Between Squaraine Polymer Sections: From Helix to Zigzag and All the Way 
Back
C. Lambert et al., Nat. Mater. 2002, 1, 69-73, Bridge-mediated hopping or 
superexchange electron-transfer processes in bis(triarylamine) systems



Research Group Leaders +49 931 3185708  matthias.lehmann@uni-wuerzburg.de Research Group Leadersmatthias.lehmann@uni-wuerzburg.de +49 931 3185708
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Prof. Dr. Matthias Lehmann

since 2011       Professor, Institute of Organic Chemistry, 
       University of Würzburg

2010-2011       Heisenberg fellowship, University of Würzburg 

2009-2010       apl. Professor, Chemnitz University of Technology

2003-2009       Junior Professor, 
       Chemnitz University of Technology

2000-2003       Postdoctoral researcher, 
       Université Libre de Bruxelles (BEL)

1999-2000       Postdoctoral researcher, 
       Universidad de Zaragoza (ESP)

1999        Dr. rer. nat. (Organic Chemistry), 
       University of Mainz

Research Profi le
Our research aims the design of novel liquid crystalline (LC) ma-
terials controlling the self-assembly of functional building blocks 
on a nanometer scale. The fl uid properties facilitate the orienta-
tion of these nanostructures in self-healing thin solid fi lms. We 
focus on LC molecules with non-conventional topology such as 
star, bent, board shape or Janus compounds. The structures are 
fi ne-tuned by the generation of free space, in which guests can be 
incorporated. Nanosegregation of incompatible building blocks 
and space-fi lling conduct the positioning of molecular units and 
produce complex functional LC materials. Detailed knowledge of 
these self-assemble processes is achieved via comprehensive 
studies by X-ray scattering techniques, modelling and photophy-
sical investigations, which leads subsequently to the develop-
ment of stimuli-responsive materials.

Endeavour to 
high creativity 

and be absolutely 
honest and 

faithful when 
publishing 

science of  high 
impact.

„Key Publications
M. Lehmann et al., Angew. Chem. Int. Ed. 2015, 54, 4110-4114, A Perfect Match: 
Fullerene Guests in Star-Shaped Oligophenylenevinylene Mesogens
M. Lehmann et al., Angew. Chem. Int. Ed. 2015, 54, 9710-9714, Shape-Persistent, 
Sterically Crowded Star Mesogens: From Exceptional Columnar Dimer Stacks 
to Supermesogens
M. Lehmann et al, Chem. Mater. 2015, 27, 8181-8184, At the Limits of Liquids 
Crystallinity: Stimuli Responsive 3D Columnar Liquid Crystals and Soft Crystals  
of Supramolecular Anthracene Mesogens



Junior Research Group Leaders +49 931 3183603          fl orian.beuerle@uni-wuerzburg.de Junior Research Group Leadersfl orian.beuerle@uni-wuerzburg.de           +49 931 3183603 
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PD Dr. Florian Beuerle

since 2010 Junior Research Group Leader, Institute of 
  Organic Chemistry, Center for Nanosystems 
  Chemistry, University of Würzburg

2008-2010 Feodor Lynen postdoctoral fellow (AvH), 
  Northwestern University, Evanston/IL (USA) 

2008  Dr. rer. nat. (Organic Chemistry), 
              University of Erlangen

Complex Molecular Architectures Made by Design

Science is facts; just as houses are made of  stones, 
so is science made of  facts; but a pile of  stones 
is not a house and a collection of  facts is not 
necessarily science. 
           Henri Poincare (1854–1912)      „

What I really like 
about the CNC 

is the remarkable 
variety of  analytical 

techniques and 
facilities that is fully 
accessible to junior 

researchers from the 
very beginning of  
their independent 
careers. Together 

with a growing 
network of  other 

excellent scientists, 
this stimulating 

environment enables 
us to do outstanding 
research in the areas 

of  supramolecular 
and nanosystems 

chemistry right away.

„

Background and Motivation
Coming from a synthetic and supramolecular background, we try to push the limits of traditional 
synthesis towards the controlled formation of molecular architectures with ever increasing comple-
xity. Directional self-assembly of small building blocks under dynamic conditions serves as our me-
thod of choice to obtain not only aesthetically appealing structures but also materials with tempt-
ing potential for specifi c host-guest interactions, organic electronics or energy-related issues.

Research Interests
Research activities in our group are focused on the design and 
synthesis of novel porous materials such as covalent organic 
cage compounds as well as covalent organic or metal-organic 
frameworks. Based on a molecular design approach, we explore 
tailor-made design strategies for the effi cient formation of 
such structures on various hierarchy levels. Thereby, synthetic 
modifi cations on the lowest level of the small molecule precursors 
are at the centerpiece of our daily lab work. On this basis, we aim 
to obtain integrative systems with a precise spatial arrangement 
of multiple functional units utilizing self-sorting phenomena and 
directional approaches.

Methods and Techniques
Organic synthesis, solvothermal synthesis, crystallization, 
dynamic covalent chemistry; Structural characterization by 1D and 
2D NMR, MS, UV/Vis, X-ray, PXRD, sorption measurements, TGA.

Key Publications
S. Klotzbach and F. Beuerle, Angew. Chem. Int. Ed. 2015, 54, 10356–10360: 
Shape-Controlled Synthesis and Self-Sorting of Covalent Organic Cage 
Compounds.
A. Kraft et al., Chem. Eur. J. 2016, 22, 5982–5987: Three-Dimensional Metal-
Fullerene Frameworks.
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Junior Research Group Leaders +49 931 3183774        agnieszka.nowak-krol@uni-wuerzburg.de
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Junior Research Group Leaders

Imagination decides everything

           Blaise Pascal (1623–1662)      „ CNC offers a 
chance to pursue 
multidisciplinary 

research and exchange 
opinions with 

specialists of  various 
fields of  expertise. 
In this stimulating 

environment I 
expect to realize my 

own ideas which 
combine organic 

and supramolecular 
chemistry with 
photophysics.

„

Research Interests
Our research activities are centered at the development of (1) 
synthetic methodology of p-conjugated systems; (2) low-viscous, 
nonvolatile organic dyes with tailored photophysical functions; 
(3) chiral molecules with amplifi ed chiral response by the 
implementation of supramolecular interactions.

Methods and Techniques
Organic synthesis, non-covalent synthesis. 1D and 2D NMR, MS, 
GPC, HPLC, UV/Vis, emission spectroscopy, ECD, CPL, CV, DSC, 
TGA, POM, and FT-IR.

Key Publications
A. Nowak-Król et al., Org. Chem. Front., 2016, 3, 545-555: Modulation of 
band gap and p- versus n-semiconductor character of ADA dyes by core and 
acceptor group variation. 
J. Sung, A. Nowak-Król et al., J. Am. Chem. Soc. 2016, 138, 9029-9032: Direct 
Observation of Excimer-Mediated Intramolecular Electron Transfer in a 
Cofacially-Stacked Perylene Bisimide Pair

agnieszka.nowak-krol@uni-wuerzburg.de         +49 931 3183774

         Molecular Engineering   Molecular Liquids         Functional Dyes

Background and Motivation
The main research thrust of the group is the development of novel liquid and/or chiral materials 
with tailored physical properties by the combination of molecular engineering with supramolecular 
and materials chemistry. Our concept is expected to provide a new class of easy-processable mul-
tifunctional dyes with superior activity in optoelectronic devices.

Dr. Agnieszka Nowak-Król

since 2016 Junior Group Leader, Center for Nanosystems Chemistry &
  Bavarian Polymer Institute, University of Würzburg

2014-2016 Alexander von Humboldt postdoctoral fellow, 
  Institute of Organic Chemistry, University of Würzburg

2013-2014 Research assistant, Institute of Organic Chemistry, 
  Polish Academy of Sciences, Warsaw (POL)

2013  PhD, Institute of Organic Chemistry, Polish Academy 
  of Sciences, Warsaw (POL)

Functional Organic Liquid and Supramolecular Materials



Junior Research Group Leaders +49 931 3185620       ann-christin.poeppler@uni-wuerzburg.de Junior Research Group Leadersann-christin.poeppler@uni-wuerzburg.de        +49 931 3185620
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Jun.-Prof. Dr. Ann-Christin Pöppler

since 2016  Junior Professor for Organic Structural Chemistry, 
  Institute of Organic Chemistry & Bavarian Polymer Institute, 
  University of Würzburg

2015-2016 Newton international postdoctoral fellow of the Royal Society, 
  Department of Physics, University of Warwick (UK)

2014  Feodor Lynen postdoctoral fellow (AvH), 
  Department of Physics, University of Warwick (UK)

2014  Postdoctoral Researcher, Max Planck Institute for 
  Biophysical Chemistry, Göttingen

2013  Dr. rer. nat. (Inorganic Chemistry), University of Göttingen

Drugs in a Polymer Matrix

Research Interests
We will investigate drugs in a polymer matrix by approaching the 
subject from different angles making use of the versatile toolbox 
of NMR spectroscopy in combination with other complementary 
techniques:
(1) A thorough understanding of the drug molecules and their 
interactions in the solid state and in solution as well as (2) the 
synthesis and analysis of different polymer systems/hydrogels 
by anisotropic NMR will be the foundation for (3) the study of 
the interactions of these drugs with the polymer matrix and their 
subsequent release. Based on these insights, more specifi c po-
lymers can be designed and (4) the response of stimuli-sensitive 
and degradable polymers can be monitored.

To start and 
develop your own 
scientific ideas in 

such a diverse and 
multidisciplinary 
environment with 

excellently equipped 
analytical facilities 

is an amazing 
and motivating 

opportunity. 

„Key Publications
A.-C. Pöppler et al., ChemPhysChem 2016, 17, 812-816: Ultra-fast Magic Angle 
Spinning: Benefi ts for the Acquisition of Ultra-wideline NMR spectra of Heavy 
Spin-1/2 Nuclei.
A.-C. Pöppler et al., Angew. Chem. Int. Ed. 2012, 51, 7843-7846: 7Li Residual 
Quadrupolar Couplings as a Powerful Tool to Identify the Degree of 
Organolithium Aggregation. 

Satisfaction of  one‘s curiosity is one of  the 
greatest sources of  happiness in life.

           Linus Pauling (1901-1994)     „

Background and Motivation
The overall aim is to understand the interactions of active pharmaceutical ingredients inside poly-
mer matrices, characterize the employed polymer networks and improve their performance in drug 
delivery by tailoring specifi c and smart delivery environments.

Methods and Techniques
1D and 2D NMR in isotropic solutions & in anisotropic environ-
ments, NMR Crystallography (solid-state NMR in combination 
with DFT calculations and diffraction methods), MS, DSC, TGA. 

Isotropic & 
Anisotropic NMR
Slice-Selectivity

Solid-state NMR
CASTEP

X-ray



Junior Research Group Leaders +49 931 3189072      merle.roehr@uni-wuerzburg.de Junior Research Group Leadersmerle.roehr@uni-wuerzburg.de        +49 931 3189072
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Dr. Merle I. S. Röhr

since 2017  Junior Group Leader, Center for Nanosystems Chemistry,
  University of Würzburg

2016 - 2017  Postdoctoral Studies at CU Boulder, Colorado , USA

2016   Dr. rer. nat. (Theoretical Physics), Free University of Berlin

Theoretical Supramolecular Chemistry

Research Interests
We develop and apply theoretical methodology suitable to inves-
tigate aggregation-induced functions in supramolecular structu-
res in the ground and excited state. In particular, we study how 
supramolecular systems can facilitate (photo-)catalytic reactions 
and how structural motifs effect charge and exciton transport. We 
apply new real-time dynamics simulation techniques allowing us 
to gain insight into the mechanistic details of these processes. 
Furthermore, we aim to understand how molecular aggregates 
are formed and thus, how the formation towards desired structu-
ral motifs can be controlled. 

Today’s and future 
questions 

in chemistry 
account for 

interdisciplinary 
approaches. 
In the CNC 

we are well 
equipped to search 

for answers. 

„Key Publications
A. Nowak-Król, M. I. S. Röhr et al., Angew. Chem. Int. Ed. 2017, 56, 11774: 
Crystalline ϖ-Stack Containing Five Stereoisomers: Insights into Conformational 
Isomorphism, Chirality Inversion and Disorder. 
V. Kunz et al., Energy Environ. Sci., 2017,10, 2137-2153: Cooperative water 
oxidation catalysis in a series of trinuclear metallosupramolecular ruthenium 
macrocycles.

Product of  optimism and knowledge 
is a constant.“

           Lev Landau (1908-1968)     „

Background and Motivation
Understanding the interplay of structure and function that emerge due to the aggregation of mole-
cules will allow us to predict and to design new supramolecular systems with tailored properties. 

Methods and Techniques
QM/MM simulations, quantum-classical dynamics, accelerated 
dynamics, ab initio methods, (TD-)DFT, (TD-)DFT-B.



david.schmidt@uni-wuerzburg.de            +49 931 3188658
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Find more pleasure in intelligent dissent than in 
passive agreement, for, if  you value intelligence 
as you should, the former implies a deeper 
agreement than the latter.
          Bertrand Russell (1872-1970)      „

The Center for 
Nanosystems 

Chemistry provides 
an ideal framework 
for junior scientists 

to establish their 
own research in an 
international and 

highly interdisciplinary 
environment. 

Personally, I am 
convinced that this 
concept will be the 

basis for fruitful 
collaborations in 
different areas of  

research.
„

Research Interests
Our current studies are concerned with the photocatalytic water 
splitting in metallo-supramolecular coordination polygons and 
polyhedra as well as metal-organic coordination frameworks. 
Therefore, we self-assemble catalytic active transition metal 
complex fragments and (metal)organic photosensitizers in the 
presence of auxiliary ligand systems to obtain well defi ned 
photocatalysts. In the fi eld of organic electronics we aim to 
prepare open-shell organic materials based on electron defi cient 
chromophores like perylene bisimides, isoindigo derivatives 
or diketopyrrolopyrroles which are discussed to be suitable 
materials for versatile applications like electronic devices, non-
linear optics or energy storage devices.

Methods and Techniques 
UV/Vis/NIR absorption & fl uorescence spectroscopy, 1D and 2D 
NMR, CV, spectroelectrochemistry, ESR, single crystal structure 
analysis, HR-MS, FT-IR, AFM, SEM, computational chemistry, 
isotope labeling

Key Publications
D. Schmidt et al., Angew. Chem. Int. Ed. 2015, 54, 13980-13984: Perylene 
Bisimide Radicals and Biradicals: Synthesis and Molecular Properties.
D. Schmidt et al., Angew. Chem. Int. Ed. 2015, 54, 3611-3614: Ambient Stable 
Zwitterionic Perylene Bisimide-Centered Radical

+49 931 3188658            david.schmidt@uni-wuerzburg.de
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Junior Research Group Leaders

Closed-shell CS-2 Singlet open-shell OS-2..

Dr. David Schmidt

since 2014 Research Associate & Junior Group Leader, Institute of 
  Organic Chemistry & Center for Nanosystems 
  Chemistry, University of Würzburg

2013-2014 Postdoctoral fellow, Center for Nanosystems 
  Chemistry, University of Würzburg

2013  Dr. rer. nat. (Inorganic Chemistry),
  University of Würzburg

Supramolecular Water Oxidation Catalysis 
and Open-Shell Organic Colorants

Background and Motivation
With a strong background in the synthesis of molecular metalorganic catalysts, our current efforts are 
focused on the controlled self-assembly of multidimensional metallosupramolecular architectures 
which should serve as artifi cial model systems for natural biocatalysts like the oxygen-evolving 
complex of photosystem II. Motivated by our knowledge on organic dye chemistry and reactive 
open-shell materials we additionally prepare highly functionalized chromophores with multiple 
radical centers for the fabrication of (opto)electronic and photovoltaic devices. 

Junior Research Group Leaders
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Dr. Matthias Stolte

since 2010 Senior Research Associate, Institute of 
  Organic Chemistry & Center for Nanosystems 
  Chemistry, University of Würzburg

2008-2010 Postdoctoral Research Associate, 
                          Institute of Organic Chemistry, 
                          University of Würzburg

2008  Dr. rer. nat. (Physical Chemistry), 
  University of Kaiserslautern

Guided Supramolecular Assembly into Functional Solid State Materials

If  you can´t explain it simply, 
you don´t understand it well enough

          Albert Einstein (1879-1955)     „
After almost four 

years of  design 
and construction 

of  the CNC 
building, now 

finally has come 
the most exciting 

period: fill it with 
inspiring science 

and explore its 
possibilities 

with dedicated 
scientists.„

Background and Motivation
The continuously emerging and improving opto-electronic devices like mobile phones, displays and 
solar cells of our highly interconnected society stimulate the creativity of chemists to design new 
functional materials. Our research focus is on small organic molecules, which can be processed 
from solution at low temperatures on fl exible substrates. We try to guide their organization from 
individual molecules, over their self-assembled aggregates in solution and on surfaces to solid-
state. Unrevealing materials structure-property relationships will enable us in this so-called bottom-
up approach to create new functional materials for future applications.   

Research Interests
The processing of new dye molecules either in high vacuum 
chambers or by solution-based deposition tools into active 
layers with tailored properties is the goal of our interdisciplinary 
research. Control over the solid-state morphology and the 
interfaces to electrodes and dielectric surfaces determine 
the performance of originating devices. The (opto-)electrical 
characterization of these (poly-)crystalline solid state materials 
within single crystal fi eld-effect transistors (SCFETs), organic 
thin-fi lm transistors (OTFTs) and organic bulk heterojunction 
(BHJ) solar cells enable the rationalization of structure-property 
relationships for the implementation in complementary logical 
circuits and organic photovoltaic (OPV) devices. 

Methods and Techniques
OTFTs, SCFETs, OPV: BHJ/PHJ solar cells, polarization microscopy, 
UV/Vis/NIR, fl uorescence & EOA spectroscopy, single crystal 
structure analysis, XRD, AFM, SEM, TEM, SAED, DFT calculation, 
gradient sublimation.

Key Publications
M. Gsänger et al., Adv. Mater. 2016, 28, 3615–3645: Organic Semiconductors 
based on Dyes and Color Pigments.
T. He et al., Nat. Commun. 2015, 6, 5954: Single-Crystal Field-Effect Transistors 
of new CI2-NDI Polymorph Processed by Sublimation in Air.
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Solar Technologies go Hybrid

SolTech Key Laboratory of Supramolecular Photosystems for Solar Energy Conversion

The conversion of 
solar energy into 
electrical energy 

is very costly with today‘s silicon-based solar 
cells. The Bavarian collaborative project Solar 
Technologies Go Hybrid (SolTech) explores al-
ternative material systems for converting solar 
energy into electricity and fuels. As one of the 
fi ve key laboratories of the interdisciplinary Ba-
varian energy research programme SolTech, the 
CNC at the University of Würzburg develops and 
examines new supramolecular materials and 
advanced material systems for photovoltaics 
and photocatalysis.

Investigations on photocatalytic water splitting

Further information: 
www.soltech-go-hybrid.de
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Solar Technologies go Hybrid

Dr. Florian Beuerle
(Organic Solid State Science)

Prof. Dr. Tobias Brixner
(Exciton Transport in Light Harvesting Supramolecular 
Antennae)

Prof. Dr. Wolfgang Brütting
University of Augsburg, Associate Member
(Vacuum-processed Organic Solar Cells)

Prof. Dr. Vladimir Dyakonov
(Bulk Heterojunction Polymer Solar Cells)

Prof. Dr. Christoph Lambert
(Functional Dyes for Electro- and Photocatalysis)

Prof. Dr. Todd Marder
(Organometallic and Organo-Main Group Photosystems)

Prof. Dr. Roland Mitric
(Theory of Transition Metal Based Water Oxidation 
Catalysis)

Prof. Dr. Jens Pfl aum
(Organic Electronics and Solid State Science)

Prof. Dr. Frank Würthner
(Supramolecular Electronics, Photovoltaics and 
Photocatalysis)

... of new organic semiconductors and catalysts:

Here, the focus lies on the development of new 
functional molecules and the determination of 
their molecular properties, as well as their interac-
tion in molecular assemblies.

Synthesis

Characterization

... by means of nanoanalytic methods:

For this atomic force microscopy and scanning 
electron microscopy as well as single crystal  
and SAX/WAXS structure analysis and specia-
lized spectroscopic methods are used.

Manufacture

... of electronic and optical devices:

The conversation of solar energy requires the 
implementation of light harvesting systems into 
organic solar cells (Photovoltaics) as well as the 
combination with photocatalytic functional units 
(Photocatalysis).
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Overview of the Research Topics of the Individual Research Groups (KeyLab Würzburg):

PD Dr. Florian Beuerle, Institute of Organic Chemistry
(Organic Solid State Science)

Within the SolTech network, we aim for the design and synthesis 
of covalent organic frameworks (COFs) possessing molecular 
dyes as integral building blocks of their polymeric scaffold. In 
particular, we are interested in the formation of well-defined crys-
talline donor-acceptor heterojunctions under dynamic reaction 
conditions followed by further investigations on the optical and 
electronic properties for such porous functional materials. In col-
laboration with other SolTech groups, we furthermore elaborate 
on the potential of these functional COFs for applications in areas 
such as organic photovoltaics, photocatalysis or energy storage.

Prof. Dr. Tobias Brixner, Institute of Physical and Theoretical Chemistry
(Excition Transport in Light Harvesting Supramolecular Antennae)

In solar technology, light energy from the sun is collected and 
ultrafast phenomena lead to the transfer and conversion of the 
photon energy. These initial light-induced processes typically take 
place on femtosecond (1 fs = 0.000000000000001 s) timescales 
and thus laser pulses of femtosecond duration are the means of 
choice to investigate such phenomena. In particular, we develop 
and apply coherent two-dimensional (2D) electronic spectroscopy 
to uncover electronic couplings and the resulting ultrafast 
energy or electron transfer processes in natural and artificial 
light-harvesting materials. The technique provides the required 
temporal resolution together with frequency resolution for the 
excitation as well as the detection step and hence directly maps 
any transport via off-diagonal contributions in a 2D spectrum.

Prof. Dr. Wolfgang Brütting, University of Augsburg, Associate Member
(Vacuum-processed Organic Solar Cells)

Within SolTech the group of Prof. Wolfgang Brütting at Augsburg 
University explores solar energy conversion in organic 
photovoltaics based on molecular materials. Particular focus 
lies on the preparation of well-defined thin-film structures by 
molecular beam deposition, having model character for the 
wider class of organic semiconductors. By correlating structural 
properties and interface energetics with device performance, 
we investigate the role of interfacial charge transfer states in 
charge generation and quantify the concomitant energy losses. 
The generated knowledge is exploited to improve the power 
conversion efficiency of organic solar cells.
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Prof. Dr. Christoph Lambert, Institute of Organic Chemistry
(Functional Dyes for Electro- and Photocatalysis)

Our research on MV compounds provides the basis for a 
better understanding of electron or hole transfer processes 
between various redox centres such as triarylamines, 
perchlorinated triphenylmethyl radicals and triarylboranes. 
These redox centres are connected by saturated or conjugated 
bridges with different lengths and electronic properties. 
Besides (spectro)electrochemical and steady-state UV/Vis/
NIR spectroscopy, dynamic EPR-spectroscopy helps us to 
analyse the optical and thermal electron transfer kinetics.

Prof. Dr. Vladimir Dyakonov, Physical Institute
(Bulk Heterojunction Polymer Solar Cells)

Prof. Dr. Todd Marder, Institute of Inorganic Chemistry
(Organometallic and Organo-Main Group Photosystems)

We are exploring the synthesis and photophysical properties of 
3-coordinate organoboron and organometallic compounds. The 
empty pz-orbital on boron leads to excellent p-acceptor properties 
resulting in strong charge transfer behavior in the photoexcited 
states of such molecules and can yield stable radical anions 
or dianions via reduction. We study dipolar, quadrupolar and 
octupolar systems, their excited state and electrochemical 
behavior, and both linear and non-linear optical properties, 
including two-photon absorption and two-photon excited 
fluorescence. We are also synthesizing metallacyclopentadienes 
of rhodium and iridium and examine their unusual 
photophysical properties including unexpected strong 
fluorescence whereas isomeric dibenzometallacyclopentadienes 
exhibit unusually long-lived phosphorescence in solution.

Prof. Dr. Roland Mitric, Institute of Physical and Theoretical Chemistry  
(Theory of Transition Metal Based Water Oxidation Catalysis)

The research in the Mitric group is focused on the development 
of theoretical methods for the simulation of light-induced 
dynamics and spectroscopy in complex molecular systems 
and nanoarchitectures. We combine mixed quantum-classical 
description of the molecular dynamics with efficient quantum 
chemistry for the electronic structure. The methodology is applied 
to study photochemical and photophysical dynamics in systems 
ranging from isolated molecules and microsolvated systems to 
polymers and extended plasmonic nanostructures. Our goal is 
to gain a fundamental understanding of the dynamical aspects 
of the light-matter interaction and to use it in order to guide the 
development of novel materials for light-harvesting, catalysis and 
optoelectronic applications.

An alternative approach in order to reach an efficient charge carrier generation utilises a mixture 
of electron donating and accepting materials - for instance, a polymer-fullerene blend. This active 
layer consists of two components forming disordered, mutually penetrating networks of the donor 
and acceptor phase. In such a bulk heterojunction, the interface 
is not planar but spatially distributed over the entire volume of 
the active layer. After the light induced exciton generation, the 
electron is transferred from the donor (for instance, a conjugated 
polymer) to the highly electron accepting fullerene. This ultrafast 
photoinduced charge transfer takes place on a time scale of 
<100fs and has an efficiency close to unity. Now, the separated 
charges are not strongly bound any more, and are transported 
selectively in the respective semiconductor phases: the electrons 
travel along fullerene pathways, whereas the positive charges 
move within the polymer network. The efficiency of such a bulk 
heterojunction solar cell depends substantially on the internal 
structure (morphology) of the absorber layer. 
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Prof. Dr. Jens Pfl aum, Physical Institute
(Organic Electronics and Solid State Science)

The survey of new molecular compounds in combination with innovative device architectures  
towards an effi cient conversion of light into free charge carriers defi nes the key activities of the  
Pfl aum group within the Bavarian collaborative programme Solar Technologies Go Hybrid. To 
aim for this goal, the fundamental processes of 
exciton motion and dissociation in photovoltaic 
thin fi lm cells are analyzed in a systematic 
approach and optimized by means of controlling 
the structural and electronic properties at the 
donor/acceptor heterojunction. Strategies applied 
by our group comprise the implementation of 
crystalline organic layers enabling long range 
exciton diffusion as well as of energy cascade 
interfaces for an enhanced exciton harvesting.

Prof. Dr. Frank Würthner, Institute of Organic Chemistry
(Supramolecular Electronics, Photovoltaics and Photocatalysis)

Due to the continuously rising global energy consumption and the fi nite nature of fossil fuels, 
the development of alternative energy sources is one of the major challenges for our present so-
ciety. Therefore, our research interest within “So-
lar Technologies Go Hybrid” is focused on the 
photocatalytic water splitting to generate a mo-
bile and carbon neutral energy source like it is 
done naturally by photosynthesis. In order to do 
this, we self-assemble transition metal complex 
fragments into metallosupramolecular macrocy-
cles that are capable to catalytically oxidize wa-
ter by replicating the mechanism and the activity 
of the oxygen-evolving complex of photosystem II. 

M. Schulze, V. Kunz, P. D. Frischmann, F. Würthner
Nat. Chem. 2016, 8, 576-583:
A Supramolecular Ruthenium Macrocycle with High Catalytic Activity for Water Oxidation that 
Mechanically Mimics Photosystem II

F. Fuchs, B. Stender, M. Trupke, D. Simin, J. Pfl aum, V. Dyakonov, G. Astakhov 
Nat. Commun. 2015, 6, 7578:
Engineering Near-Infrared Single-Photon Emitters with Optically Active Spins in Ultrapure Silicon 
Carbide

B. Stender, S. F. Völker, C. Lambert, J. Pfl aum
Adv. Mater. 2013, 25, 2943-2947:
Optoelectronic Processes in Squaraine Dye-Doped OLEDs for Emission in the Near-Infrared

J. H. Klein, D. Schmidt, U. E. Steiner, C. Lambert
J. Am. Chem. Soc. 2015, 137, 11011-11021:
Complete Monitoring of Coherent and Incoherent Spin Flip Domains in the Recombination
of Charge-Separated States of Donor-Iridium Complex-Acceptor Triads

Z. Zhang, R.M. Edkins, J. Nitsch, K. Fucke, A. Eichhorn, A. Steffen, Y. Wang, T. B. Marder
Chem. Eur. J. 2015, 21, 177-190:
D-p-A Triarylboron Compounds with Tunable Push-Pull Character Achieved by Modifi cation of 
Both the Donor and Acceptor Moieties

P. Nuernberger, S. Ruetzel, T. Brixner
Angew. Chem. Int. Ed. 2015, 54, 11368 –11386:
Multidimensional Electronic Spectroscopy of Photochemical Reactions

A. Dhara, F. Beuerle
Chem. Eur. J. 2015, 21, 17391-17396:
Reversible Assembly of a Supramolecular Cage Linked by Boron–Nitrogen Dative Bonds

S. Grob, A. N. Bartynski, A. Opitz, M. Gruber, F. Grassl, E. Meister, T. Linderl, U. Hörmann, C. 
Lorch, E. Moons, F. Schreiber, M. E. Thompson, W. Brütting
J. Mater. Chem. A, 2015, 3, 15700-15709:
Solvent Vapor Annealing on Perylene-Based Organic Solar Cells

C. Lambert, F. Koch, S. F. Völker, A. Schmiedel, M. Holzapfel, A. Humeniuk, M. I. S. Röhr, R. Mitríc, 
T. Brixner
J. Am. Chem. Soc. 2015, 137, 7851-7861:
Energy Transfer Between Squaraine Polymer Sections: From Helix to Zigzag and All the Way Back

Selected Publications



The Bavarian Polymer Institute (BPI) is a joint research institute of 
the Universities of Bayreuth, Erlangen-Nürnberg and Würzburg. Sup-
ported by the Bavarian State each university hosts key laboratories 

for specifi c research in the fi eld of polymer science and technology. The CNC hosts the key lab on 
Supramolecular Polymers which focusses on the mechanistic understanding of the formation of 
this newest type of polymers and applications of supramolecular polymers in optoelectronics, bio-
molecular imaging, as hydrogels in the life sciences, and as liquid crystals.

Key Lab Supramolecular Polymers at the Bavarian Polymer Institute (BPI)

Further information: 
www.nanosystems-chemistry.uni-wuerzburg.de

Bavarian Polymere Institute (BPI) Bavarian Polymere Institute (BPI)
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Keylab-Coordinator:

Prof. Dr. Frank Würthner
(Living Supramolecular Polymerizations)

Keylab-Scientists:

Prof. Dr. Matthias Lehmann
(Liquid Crystals)

PD Dr. Florian Beuerle
(Junior Group on Organic Solid State Science)

Dr. Agnieszka Nowak-Król
(Junior Group on Functional Dyes)

Jun.-Prof. Dr. Ann-Christin Pöppler
(Junior Group on Solid State NMR)

The key lab provides a variety of methods including microscopy (optical, fl uorescence, SEM, SPM), 
X-ray diffraction and scattering (single crystal & SAXS/WAXS), isothermal titration calorimetry, DSC, 
NMR, MS, and optical spectroscopies.
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Service Facilities
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Service Facilities

Nanoanalytical Laboratories

This core facility of CNC holds a fi eld emission scanning electron microscope (FE-SEM incl. STEM- & 
EDX-detectors and cryo-tools), several scanning probe microscopes (STM, AFM) and small angle-X-
ray scattering as well as single crystal X-ray diffraction instruments.

Device Fabrication Facility

This core facility of CNC includes evaporator systems for vacuum processing and various tools for 
solution processing of organic semiconductor molecules, micromanipulator probe stations for OFET 
characterization and EQE/IPCE and I/V characterization set-ups for organic solar cell characterization.



Overview Members

JMU Würzburg     51

Associate Members of CNC

Prof. Dr. Holger Braunschweig
(Inorganic Chemistry)

Prof. Dr. Gerhard Bringmann
(Organic Chemistry)

Prof. Dr. Tobias Brixner
(Physical Chemistry)

Prof. Dr. Volker Engel
(Theoretical Chemistry)

Prof. Dr. Vladimir Dyakonov
(Experimental Physics VI)

Prof. Dr. Ingo Fischer
(Physical Chemistry)

Prof. Dr. Jürgen Groll
(Functional Materials of Medicine 
and Dentistry)

Prof. Dr. Tobias Hertel
(Physical Chemistry)

Prof. Dr. Anke Krüger
(Organic Chemistry)

Prof. Dr. Dirk Kurth
(Chemical Technology of Material 
Synthesis)

Prof. Dr. Robert Luxenhofer
(Functional Polymers)

Prof. Dr. Todd B. Marder
(Inorganic Chemistry)

Prof. Dr. Roland Mitric
(Theoretical Chemistry)

Prof. Dr. Klaus Müller-Buschbaum
(Inorganic Solid State Chemistry)

Prof. Dr. Georg Nagel
(Biology and Ion Channels)

Prof. Dr. Jens Pfl aum
(Experimental Physics VI)

Prof. Dr. Markus Sauer
(Biotechnology & Biophysics)

Prof. Dr. Jürgen Seibel
(Organic Chemistry)

Overview Members

Members of CNC Core Center

Prof. Dr. Frank Würthner (Chairman)
(Organic & Supramolecular Chemistry)

Prof. Dr. Christoph Lambert
(Physical Organic Chemistry)

Prof. Dr. Matthias Lehmann
(Liquid Crystals)

PD Dr. Florian Beuerle
(Organic Solid State Science)

Key Laboratory of Supramolecular Photosystems 
for Solar Energy Conversion (SolTech)

PD Dr. Florian Beuerle
(Junior Group on Organic Solid State Science)

Prof. Dr. Tobias Brixner
(Excition Transport in Light Harvesting Supramolecular 
Antennae)

Prof. Dr. Vladimir Dyakonov
(Bulk Heterojunction Polymer Solar Cells)

Prof. Dr. Christoph Lambert
(Functional Dyes for Electro- and Photocatalysis)

Prof. Dr. Todd Marder
(Organometallic and Organo-Main Group Photosystems)

Prof. Dr. Roland Mitric
(Theory of Transition Metal Based Water Oxidation 
Catalysis)

Prof. Dr. Jens Pfl aum
(Organic Electronics and Solid State Science)

Prof. Dr. Frank Würthner
(Supramolecular Electronics, Photovoltaics and 
Photocatalysis)

Members of State Key Laboratory of
Supramolecular Polymers (Research Unit
of the Bavarian Polymer Institute)

PD Dr. Florian Beuerle
(Junior Group on Organic Solid State Science)

Prof. Dr. Matthias Lehmann
(Liquid Crystals)

Dr. Agnieszka Nowak-Król
(Junior Group on Functional Dyes)

Jun.-Prof. Dr. Ann-Christin Pöppler
(Junior Group on Solid State NMR)

Prof. Dr. Frank Würthner
(Living Supramolecular Polymerizations)
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Further information: 
www.nanosystems-chemistry.uni-wuerzburg.de

Image reproduced by permission of 
The Royal Society of Chemistry from Chem. Commun. 2014, 50, 12454-12457; DOI: 10.1039/C4CC01794C
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Contact
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Contact address:

Center for Nanosystems Chemistry
Theodor-Boveri-Weg
97074 Würzburg (Germany)

www.nanosystems-chemistry.uni-wuerzburg.de

Eleonore Klaus
(Administration)

Phone: +49 931 3181800
Fax: +49 931 31818000
cnc@uni-wuerzburg.de




