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Research group Bringmann

Chiral Porphyrins Inspired by Nature
Synthesis of dimeric or bridged porphyrins with 
intrinsic axial, or planar, or helical chirality: re-
solution and configurational assignment of the 
enantiomers by LC-CD coupling in combination 
with quantum-chemical CD calculations; for-
mation of a huge chirally modified cavity with 
useful imaginable applications; preparation 
of a broad variety of constitutionally symmet-
ric and unsymmetric dimers with two different, 
freely combinable, mono-porphyrin subunits 
including bridged representatives; directed, 
i.e., atropo-/enantioselective synthesis of chiral 
mono-, bis- and triporphyrins; investigations of 
structural, chiroptical, photophysical, and elec-
trochemical properties.

A. C. Gehrold et al., Org. Lett. 2015, 17, 210-213; Chiral and Achiral Basket-Handle Porphyrins: Short Synthesis and Ste-
reostructures of These Versatile Building Blocks.

T. Bruhn et al., Chem. Eur. J. 2014, 20, 3998-4006; C,C- and N,C-Coupled Dimers of 2-Aminotetraphenylporphyrins: 
Regiocontrolled Synthesis, Spectroscopic Properties, and Quantum-Chemical Calculations.

C. Brückner et al., J. Am. Chem. Soc. 2011, 133, 8740-8752; Helimeric Porphyrinoids: Stereostructure and Chiral Resolu-
tion of meso-Tetraarylmorpholinochlorins.

Absolute Stereostructures by CD Calculations
Use of force field, semiempirical, density functional, coupled 
cluster, and ab-initio methods for the computational calculation 
of structures, dynamics, and chemical reactivities of molecules; 
prediction of NMR shifts; simulation of IR, Raman, and UV spectra; 
quantum-chemical calculations of circular dichroism (CD) spectra 
for the assignment of the absolute configuration of novel-type 
compounds with stereogenic centers, or with elements of axial, 
planar, or helical chirality, or combinations thereof; combination 
of LC-CD coupling with quantum-chemical CD calculations for 
the online elucidation of the absolute stereostructures of chiral 
compounds, directly from the peak in the chromatogram.

T. Bruhn et al., Chirality 2013, 25, 243-249; SpecDis: Quantifying the Comparison of Calculated and Experimental  
Electronic Circular Dichroism Spectra.

Y. Hemberger et al., Chem. Eur. J. 2013, 19, 15556-15564; Pestalotiopens A and B: Stereochemically Challenging Flexible 
Sesquiterpene-Cyclopaldic Acid Hybrids from Pestalotiopsis sp.

A. Schaumlöffel et al., Eur. J. Org. Chem. 2012, 6878-6887; Configurational Assignment of Cyclic Bisbibenzyls by HPLC-
CD and Quantum-Chemical CD Calculations.

  bringman@chemie.uni-wuerzburg.de  +49 931 3185323
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Research group Lambert

Organic Mixed-Valence Compounds
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)electro-
chemical and steady-state UV/Vis/NIR spectro-
scopy, dynamic EPR-spectroscopy helps us to 
analyse the optical and thermal electron trans-
fer kinetics.

B. Y. Mladenova et al., J. Phys. Chem. C 2015, 119, 8547-8553; Investigations of the Degenerate Intra-molecular Charge 
Exchange in Symmetric Organic Mixed Valence Compounds: Solvent Dynamics of Bis(triarylamine)paracyclophane Re-
dox Systems.

C. Lambert et al., Chem. Commun. 2014, 50, 11350-11353; A photoinduced mixed-valence state in an organic bis-triary-
lamine mixed-valence compound with an iridium-metal-bridge.

Electron and Energy Transfer in Multidimensional Chromophores 
and Dendrimers
A well-defined alignment of several chromophores or redox 
centres as in hexaarylbenzenes (HABs) is a helpful prerequisite 
when studying electron or energy transfer processes because 
the orientation of the subunits determines many photophysical 
properties. Charge and energy transfer processes are investigated 
by steady-state and fs-time dependent fluorescence anisotropy 
spectroscopy.

M. Steeger et al.,  Phys. Chem. Chem. Phys. 2015, 17, 11848-11867 On the Relation of Energy and Electron Transfer in 
Multidimensional Chromophores Based on Polychlorinated Triphenylmethyl Radicals and Triarylamines.

F. Zieschang et al., J. Phys. Chem. C 2013, 117, 19816-19831; Solvent Controlled Energy Transfer Processes in Triarylamine-
Triazole based Dendrimers.

Photoinduced Charge Transfer Processes in Re-
dox Cascades and Transition Metal-Complexes
We investigate donor-acceptor substituted tran-
sition metal complexes in which the transition 
metal complex acts as bridge and photosensi-
tizer by time resolved and magnetic field de-
pendent transient absorption spectroscopy. The 
goal is to achieve long-lived charge separated 
states and to use spin chemistry to influence 
the lifetime.

J. H. Klein et al., J. Am. Chem. Soc. 2015, in press; DOI: 10.1021/jacs5b04868. Complete Monitoring of Coherent and In-
coherent Spin Flip Domains in the Recombination of Charge-Separated States of Donor-Iridium Complex-Acceptor Triads.

F. Zieschang et al., J. Phys Chem C 2014, 118, 27698-27714; Photoinduced Electron Transfer Dynamics in Triarylamine-
Naphthalene Diimide Cascades.

christoph.lambert@uni-wuerzburg.de   +49 931 3185318
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Research group Krueger

Surface Chemistry of Carbon Nanomaterials
Exploring the surface reactivity of carbon nanomaterials. Deve-
lopment of novel reactions for the controlled derivatization of 
diamond using reactions enabling the immobilization of more 
complex moieties in a controlled manner. 

G. Jarre et al., Beilstein J. Org. Chem. 2014, 10, 2729-2737; Synthesis of nanodi-
amond derivatives carrying amino functions and quantification by a modified 
Kaiser test.

G. Jarre et al., Chem. Commun. 2011, 47, 544-546; Playing the surface game - 
Diels Alder reactions on diamond nanoparticles.

T. Meinhardt et al., Adv. Funct. Mater. 2011, 21, 494-500; Pushing the functio-
nality of diamond nanoparticles to new horizons - orthogonally functionalized 
nanodiamond using click chemistry.

Biofunctionalization of Carbon Nanomaterials
Synthesis of functional conjugates of nanodiamond with 
bioactive compounds such as saccharides, enzymes, an-
tibodies etc. and exploration of their properties for ima-
ging, detection and drug delivery.
C. Fessele et al., Eur. J. Org. Chem. 2015, 5519-5525; Thiourea-bridged 
Nanodiamond Glycoconjugates as Inhibitors of Bacterial Adhesion.

M. Hartmann et al., Chem. Eur. J. 2012, 18, 6485-6492; Saccharide-
modified nanodiamond conjugates for the efficient detection and 
removal of pathogenic bacteria.

G. Dördelmann et al., Chem. Commun. 2012, 48, 11528-11530; Cu-
AAC click functionalization of azide-modified nanodiamond with 
a photoactivatable CO releasing molecule (PhotoCORM) based on 
[Mn(CO)3(tpm)]+.

Nanodiamond Composite Materials
Synthesis of diamond composite materials for applications such 
as bone implant materials, functional coatings and supercapaci-
tors.
Y. Sun et al., Macromol. Mater. Eng. 2015, 300, 436-447; Reinforced degrada-
ble biocomposite by homogenously distributed functionalized nanodiamond 
particles.

S. Suliman et al., J. Control. Release 2015, 197, 148-157; Release and bioactivi-
ty of bone morphogenetic protein-2 are affected by scaffold binding technique 
in vitro and in vivo.

Z. Xing et al., Tissue Engin. 2013, 19, 1783-1791; Biological effects of functiona-
lizing copolymer scaffolds with nano-diamond particles.

Carbon-Rich Molecules
Synthesis of carbon-rich molecules such as non-planar aromatic 
molecules and precursors for highly energetic molecular species 
for their spectroscopic investigation and for the gain of deeper 
understanding of the molecular structure and electronic proper-
ties of nanocarbon surfaces.

M. S. Schuurman et al., Chem. Eur. J. 2015, in press; DOI: 10.1002/chem.201501624; The Photodissociation Dynamics 
of Cyclopropenylidene, c-C3H2

P. Constantinidis et al., J. Phys. Chem. A 2014, 118, 2915-2921; Electronic Spectroscopy of 1-Phenylethynyl-Naphthalene

Y. Kirchwehm et al., Chem. Commun. 2012, 48, 1502-150; Ortho-methylated tribenzotriquinacenes – paving the way to 
curved carbon networks

anke.krueger@uni-wuerzburg.de  +49 931 3185334
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Research group Lehmann

Semifl exibel Stars with Stilbene, 
Acene and Pyrene Chromophores
Semifl exible oligobenzoate stars 
fold to various conformers in order 
to optimise the packing into liquid 
crystal phases. Thus E- and cone-
shaped conformers are formed and 
self-assemble in lamellar, columnar, 
cubic bicontinous and cubic micellar 
phases. The preorganisation, for 
example in four-arm stars, is used 
to control the folding and generates 
Janus-type liquid crystals with stilbene, acene or pyrene moieties showing host-guest chemistry 
with electron defi cient chromophores leading to novel LC structures.

M. Lehmann, K. Bahndorf, Liq. Cryst. 2015; DOI: 10.1080/02678292.2015.1056264; Solid-State Assisted Synthesis of 
Oligobenzoates.

Biaxial Nematogens
Nematic phases of rod-shaped mo-
lecules possess only orientational 
long range order of usually one mo-
lecular axis (Nu). The molecular cen-
tres of gravity are distributed like in 
an isotropic liquid and thus show 
the lowest viscosity in the series 
of mesophases. Therefore they are 
applied in LC-displays. Molecules with three molecular axis of different size and a defi ned aspect 
ratio may align all three axis in a nematic phase, which is called the biaxial nematic (Nb), for which 
much faster switching times are proposed. For this aim novel V- and board-shaped nematogens are 
prepared and their biaxial properties are studied by conoscopy and X-ray scattering.    

M. Lehmann, V. Goertz ”Design of Biaxial Nematic Mesogens” in Handbook of Liquid Crystals, 2nd edition, Vol. 3, 
Chapter 10 (eds. J. W. Goodby et al.,) ISBN 978-3-527-32773-7, Wiley-VCH, Weinheim, 2014

Solid-State Assisted Synthesis 
The control over the formation of mesophases 
on a nanoscale is achieved by nanosegregation 
of various building blocks and also by the attach-
ment of incompatible fl exible chains (alkyl, oli-
goethyleneoxy, semiperfl uorinated chains). The 
change of the number and especially the nature 
of chains requires a completely new optimisa-
tion of all isolation procedures, which is often 
challenging. The solid-state assisted synthesis 

introduces the chain-building blocks in the fi nal step and purifi cation has to be done only once af-
ter the cleavage from the resin. It is therefore often superior over the conventional liquid phase syn-
thesis, especially when building blocks, such as oligoethyleneoxy chains, have to be introduced. 

matthias.lehmann@uni-wuerzburg.de +49 931 3183708 

M. Lehmann, ”Star-Shaped Mesogens” in Handbook of Liquid Crystals, 2nd edition, Vol. 5, Chapter 5 (eds. J. W. Goodby 
et al.), ISBN 978-3-527-32773-7, Wiley-VCH, Weinheim, 2014.
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Research group Seibel

Metabolic Glycoengineering by Bioorthogonal 
Chemistry
Metabolic labeling of cell surfaces is establis-
hed in order to study and characterize cell signa-
ling and cell-cell interactions to examine infl am-
mation and infection processes. The metabolic 
incorporation of functionalized carbohydrates 
is performed with HEp-2, T24 and SKN-MC cells. 
These cells are chosen to evaluate this method 
as a general tool for a variety of biochemical 
applications. Moreover, the cell lines are easy 
to culture. The carbohydrates are modifi ed by 
introducing an azide or alkyne group and are 
subsequently incubated with the cell lines in-
dicated. The modifi ed carbohydrates pass the 
natural carbohydrate biosynthetic pathway and 
are incorporated into the post-translational gly-
can patterns of proteins.

S. Letschert et al., Angew. Chem. Int. Ed. 2014, 53, 10921-
10924 Super-Resolution Imaging of Plasma Membrane Gly-
cans. (hot paper)

E. Memmel, et al., Chem. Commun. 2013, 49, 7301-7303; 
Metabolic glycoengineering of Staphylococcus aureus re-
duces its adherence to human T24 bladder carcinoma cells.

Copper-free labeling of cell-surface glycans

Functional Analysis of Oligosaccharides by 
Carbohydrate Micro-Arrays
Despite of their prominent role in various 
biological processes, carbohydrate interactions 
are yet poorly investigated and understood. 
Chemical synthesis problems and usually low 
affi nities to carbohydrate-binding proteins 
with KD being in the milli-molar range cause 
substantial analysis problems. To overcome 
these diffi culties, we develop a carbohydrate 
micro-array. The chip technology is common 
and commercially available for DNA and RNA 
analysis but not for glycan structures except of 

a few special kits. Screening of glycan arrays represents a powerful, high-throughput approach for 
various applications. We introduced the principle of the enzymatic synthesis by glucansucrases on 
micro-arrays to study and evaluate alternative substrates, enzyme properties and the synthesized 
carbohydrates. Those studies lead to the identifi cation of new properties of glycosyltransferases 
which were not observed previously and cannot be identifi ed by sequence alignment. Maltose and 
primary alcohols are glucosylated using the bacterial glucosyltransferase dextransucrase. 

C. Fleck  et al., Eur. J. Org. Chem. 2015, 1696-1710; Synthesis and Evaluation of Neoglycoconjugates Based on Adaman-
tyl Scaffolds.

D. Claes et al., ChemBioChem 2014, 15, 2450-2457; High-Affi nity Carbohydrate Binding by Trimeric Benzoboroxoles 
Measured on Carbohydrate Arrays.

juergen.seibel@uni-wuerzburg.de      +49 931 3185326
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Center for Nanosystems Chemistry (CNC)

Concept and Realization of CNC

According to our mission, scientists at CNC in Würzburg 
study how specifically 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. Recent research 
activities are bundled within various research programs such as 
the Bavarian collaborative research program Solar Technologies 
Go Hybrid (SolTech) and the Key Lab of Supramolecular Polymers 
within the Bavarian Polymer Institute (BPI), or constitute individual 
grants like the Sofja-Kovalevskaja grant on Metal-Ion Mediated 
Self-Assembly of Multivalent π-Amphiphiles of Dr. Gustavo 
Fernández and the Liebig Habilitation grant on Mesoporous 
Covalent Organic Materials of Dr. Florian Beuerle.

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

Florian Beuerle in 2015

Scanning electron microscope (left) and image of self-assembled supramolecular fibers (right).

Approximately 100 years ago the chemist Emil Fischer (Nobel Prize 
1902) conducted his revolutionary research in the field of sugar che-
mistry at the University of Würzburg (1885-1892). One of his many 
proposals, the Lock and Key Model, became the basis for under-
standing supra- and biomolecular recognition processes. Today, understanding intermolecular self-
association of molecules, similar to a chemical lock and key process, helps explain the develop-
ment 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 molecule, 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 modern instruments for mate-
rials 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 transistor devices. Next, in 2012 substantial funds were provided by the State of Bavaria 
for a 1500 m2 research building which will be finished in 2016 and accommodate the meanwhile 
expanded materials analytics sections and several independent junior research groups.
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Center for Nanosystems Chemistry (CNC)

SolTech Key Lab Supramolecular Materials for Photovoltaics and Photocatalysis

The Bavarian Polymer Institute (BPI) is a joint research institute of the Universities of Bayreuth, Er-
langen-Nürnberg and Würzburg. Supported by the Bavarian State each university hosts key labora-
tories for specific research in the field 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 polymer and applications of supramolecular polymers in optoelec-
tronics, biomolecular imaging, as hydrogels in the life sciences, and as liquid crystals.

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 
alternative material systems for converting solar 
energy into electricity and fuels. As one of the 
five key laboratories of the interdisciplinary 
Bavarian energy research project SolTech, the 
CNC at the University of Würzburg develops 
and examines new supramolecular materials 

and advanced material systems for 
photovoltaics and photocatalysis.

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

Investigations on photocatalytic 
water splitting

Building of the Center for Nanosystems Chemistry in September 2015. 

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

Further information: www.soltech-go-hybrid.de




