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Life's evolvability and robustness 
 

 

 

 
Miroslav Radman 
 
University R. Descartes - Paris-5, France 
radman@necker.fr 
 

 
 Molecular biology was scientifically hallmarked by the study of the fast 

growing – fast evolving bacteria, such as Escherichia coli. Large population 

sizes, variable mutation rates and horizontal gene transfer endow fast growing 

bacteria with an awesome adaptive potential based on powerful selection 

from huge pools of genetic diversity. Persistent life of such bacteria is based 

on strong selection: repeated preferential survival of a small “winning” fraction 

of the population (new favorable mutants) that replenishes by fast growth in 

sequential “selective sweeps”. This is selection for efficiency. 

 I shall present what appears as an alternative “strategy” of survival: the 

selection of robustness instead of efficiency that occurs under harsh 

environmental conditions that preclude growth of standard organisms. This 

provides the “luxury” of life devoid of competitors. A slow grower, but a 

champion of robustness, is Deinococcus radiodurans. I shall review the 

known molecular mechanisms of its robustness, the most spectacular being 

the DNA repair of the genome shattered to hundreds of fragments by ionizing 

radiation, chemicals or desiccation. If growth of former bacteria resembles the 

life style of epithelia, the latter bacterium may be a paradigm for robust non-

growing neurons and heart muscle cells in the human organism. Deinococcus, 

along with sturdy eukaryotes such as tardigrada, bdelloid rotifers and the 

resurrection plant (rose of Jerrico) could mark the emergence of biology of 

robustness! 
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Glyconectins - a primordial class of cell adhesion molecules 

 

 In order to understand the molecular basis for primordial self-

recognition and non-self discrimination during the emergence of multicellular 

organisms, we focused our attention on the role of cell surface 

glycoconjugates in Porifera xenogeneic cellular interactions, as the 

evolutionary most compatible model system for ancestors of Metazoans. The 

investigations started in the beginning of the 20th century on dissociated 

marine sponge cells provided important phenomenological evidence for cell 

sorting. However, these and subsequent experiments from 1960 to 1980 used 

semi-purified and chemically ill-defined extracts, termed aggregation factors. 

After 1980, the first structure-to-function-related studies have been performed 

on glycoconjugates from Microciona prolifera. Using more complex 

purification and biochemical characterization of aggregation-promoting 

extracts we have shown that they contain a new class of large cell surface 

proteoglycan-like molecules, heavily covered by long glycan chains.  

 These macromolecules are different from classical mammalian 

glycoconjugates, suggesting that sponge proteoglycans define a new class of 

primordial cell adhesion molecules, named by us glyconectins  (GNs) [1]. We 

have isolated GNs from three marine sponge species: M. prolifera (GN1), 

Halichondria panicea (GN2), and Cliona celata (GN3). Using atomic force 

microscopy we have demonstrated that the strength of GN1-GN1 binding 

generates essential cell cohesion forces in the sponge M. prolifera, as 

previously implied by functional investigations [2].  

 The binding strength between homotypic pairs of glycans (400 pN) is 

higher than those between heterotypic pairs (20 pN).  We performed physico-
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chemical, biochemical and structural analyses of GN glycans isolated from the 

three sponge species. The sequential and selective chemical degradation of 

these glycans and subsequent mass spectrometric and NMR analyses 

revealed that each GN presents novel and highly species-specific 

carbohydrate sequences. All three GNs include distinct acid-resistant and 

acid-labile carbohydrate domains, the latter composed of novel repetitive units. 

Seventeen novel, species-specific carbohydrate sequences were revealed [3, 

4].   

 These differences are sufficient to explain the species-specific 

separation of glycan-coated beads in vitro and the sorting of sponge cells in 

vivo. The molecular mechanism of glycan-mediated homophilic GN 

interactions in Porifera is based on highly species-specific and Ca2+-

dependent associations, and approaches the degree of selectivity of the 

evolutionarily advanced heterophilic immunoglobulin superfamily recognition 

system. Our studies established a new paradigm for the pivotal role of 

primordial GN glycans in the self-assembly and non-self discrimination 

pathway of cellular adhesion prior to the evolution of multicellularity. 

 

References: 
1. Popescu, O., Misevic, G.N. , Self-recognition by proteoglycans, Nature, 386, 231-232, 
1997. 

2. Dammer, U., Popescu, O., Wagner, P., Anselmetti, D. , Güntherodt, H.-J., Misevic, G.N., 
Binding strength between cell adhesion proteoglycans measured by atomic force microscopy, 
Science, 267, 1173-1175, 1995. 

3. Misevic, G.N., Guerardel, Y., Sumanovski, L., Slom ianny, M.C., Demarty, M., Ripoll, C., 
Karamanos, Y, Maes, E, Popescu, O., Strecker, G. , Molecular recognition between 
glyconectins as an adhesion self-assembly pathway to multicellularity, J. Biol. Chem., 279, 
15579-15590, 2004. 
4. Guerardel, Y., Czeszak, X., Sumanovski, L., Karaman os, Y., Popescu, O., Strecker, G., 
Misevic, G.N. , Molecular fingerprinting of carbohydrate structures phenotypes of three 
porifera proteoglycan-like glyconectins, J. Biol. Chem., 279, 15591-15603, 2004. 
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Biodynamics: ways and means to appraise the impact of 

gentle stimuli on selected biological/cellular syst ems 

 

Aiming to appraise gentle, non-lethal, effects triggered by different 

(environmental) stimuli, we have developed specific analytical tools 

(measuring devices as well as system modeling & advanced data analysis) 

suitable to assess:  

1. A population of fish in aquarium; 
The behavior of a fish population has been monitored using a multi 
channel echo-acoustic system. Analysis of related time series reveals 
“patterns” depending on day/light cycle, as well as availability of nutrients 
and Oxygen. 

2. Initially synchronized cell suspensions; 
Cell cycle progression has been monitored by impedance / dielectric assay 
for cell suspensions with different degrees of synchrony. Analysis of 
dielectric data of, initially synchronized cell suspension is consistent to our 
theoretical approach on ensembles of chaotic flows, enabling the K-S 
entropy (as a measure of synchrony loss) and characteristic frequencies of 
cell dynamics to be derived from experimental data. Advancing our 
previous studies, we have: a) prolonged the length of the time series 
(duration of cell growth) by preserving the “quality” of the culture medium; 
b) increased the signal-to-noise ratio by “local” enhancement of cell 
concentration. 

3. Ensembles of cells adhered on a chip; 
Chemical cues and nano-topographies present on the surface or in the 
extracellular medium strongly influence the fate and adhesion of biological 
cells. Appraisal of cell- matrix interaction via engineered surfaces, either 
attractive or repulsive, requires non-invasive, long time monitoring 
capabilities and lays the foundation of stable sensing platforms for risk 
assessment. 

Fostering analysis of biointerfaces due to cell –environment interaction 

(in particular nanotechnology products), we have developed hybrid cellular 

platforms allowing for time based dual assays i.e., electrical 
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(impedance/dielectric spectroscopy) and optical: Surface Plasmon Resonance 

or Total Internal Reflection Fluorescence.  

Such platforms comprising Flow Injection Analysis (FIA) have been 

advanced to assess the interaction between selected (normal and malignant) 

cells and nano-patterned and/or chemically modified surfaces, as well as the 

impact of engineered nanoparticles, revealed by the related changes 

exhibited by cell membrane, morphology, adhesion and monolayer integrity. 

Besides experimental aspects dealing with measurement set-ups, we 

will stress on aspects related to: 

·  Dielectric modeling. Aiming for a quantitative approach, microscopic 
models  on dielectric behavior of ensembles of interconnected cells 
have been developed and their capabilities will be outlined within the 
presentation. 

·  Assessment of affinity reactions as revealed by dielectric/impedance 
assays of biointerfaces. Modeling the dynamics of the impedance in 
relation to the “quality” of cell layer and sensor’s active surface, this 
study presents further developments of our approach described in 
Analytical Chemistry, 2002. 

·  Data analysis. This issue is related to the following basic question: Are 
there “simple” Biosensing Platforms?   

When coping with cellular platforms , either in suspension or immobilized (on 

filters, adhered on surfaces or entrapped, e.g., on Ussing set-ups) there is an 

intrinsic nonlinear behavior of biological systems related to cellular 

mechanisms involved in sensing i.e., adaptation to stimuli. This should not 

mean that when coping with living cells, stray effects might not also corrupt 

the measurement itself, introducing distinct dynamics. Besides the 

targeted/specific process, analytical platforms might exhibit additional ones 

due to “stray influences” that could include the effect of, for e.g.: alteration of 

supporting matrix, nonspecific binding and temperature variation. Stray 

processes interfere with the desired ones and the measured data could 

display a non-monotonous behavior. 
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Quantum circuits and devices   

 
 

 In recent times, quantum-coherent manipulation has been 
demonstrated in mesoscopic and nanoscale superconducting devices and 
circuits based on Josephson junctions. A major goal in the field is to build a 
quantum computer - a machine that would surpass the existing classical 
supercomputers in certain specialized tasks. A promising architecture for a 
quantum processor, consisting of qubits as registers and superconducting 
coplanar resonators as quantum information buses, has been investigated by 
several groups. In this talk I will summarize the experimental and theoretical 
progress in the field, present some of our results, and sketch some interesting 
future research directions.  
 
 
Pairing in ultracold quantum gases and molecular el ectronics 

with DNA origami 

 

We consider theoretically ultracold Fermi gases which offer unprecedented 
possibilities to investigate a variety of quantum many-body phenomena in a 
clean and controllable system. In particular, we study superfluid pairing in 
gases with mass or density imbalance, and present exact numerical results on 
dynamics of field-matter interaction in a one-dimensional Fermion system.  
We also present results from experimental work on topics related to molecular 
electronics, especially dielectrophoretic guiding and trapping of DNA 
assemblies (origami) that can function as platforms for molecular electronics 
circuits. 
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Cross-Fertilization of organometallic and supramole cular 

chemistry 

 

 

 
Ionel Haiduc 
 
Chemistry Department 
Babes-Bolyai University 
Cluj-Napoca, Romania 
 

 
 

 Organometallic chemistry (the chemistry of metal-carbon bonds) became 

in the 2nd half of 21st century one of the fastest growing and comprehensive 

areas of synthetic and structural chemistry. In the last quarter of the century the 

supramolecular chemistry (the chemistry of intermolecular bonds) was born and 

also became an area of intensive development. Cross-fertilization between 

organometallic and supramolecular chemistry opens new ways of 

understanding and interpreting the solid state structures, leading to a distinct 

new discipline. Intermolecular interactions of various types occur in solid state, 

leading to self-assembly and self-organization of molecular species.  

Examples will be provided to illustrate the great diversity of the ways of 

supramolecular self-assembly in organometallic chemistry. 

 
 
References: 
I. Haiduc and J.J. Zuckermann, Basic Organometallic Chemistry, Wlater de Gruyter, 
Berlin 1985. 
I. Haiduc and F.T. Edelmann, Supramolecular Organometallic Chemistry, Wiley-VCH, 
Weinheim, 2000. 
J.W. Steed, Crystal Growth & Design, 2002, 2, 79. 
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Hybrid biomimetic membranes: past, present and beyo nd… 

 

 
 Our main interest focus on functional membranes in which the 

recognition-driven transport properties could be ensured by a well-defined 

incorporation of receptors of specific molecular recognition and self-organization 

functions, incorporated in a hybrid dense or mesopourous materials. 

 We are proposing to review the membrane transport properties of such 

supramolecular membrane materials. 

 The first part begins with a survey of different methods and processes 

which can be used for the generation of molecular recognition-based hybrid 

materials.  

 Then basic working principles of self-organized membranes are provided 

in order to better understand the requirements in material design for the 

generation of functional membrane materials.These results describe the simple 

synthetic hybrid biomaterials which successfully formed molecular recognition 

devices, transport patterns for protons water and ion-pairs, so as to enable 

efficient translocation events. 

  Finally actual and potential applications of such self-organized systems 

presenting combined features of structural adaptation in a specific nanospace 

will be presented. From the conceptual point of view these membranes express 

a synergistic adaptative behaviour: the addition of the fittest solute drives a 

constitutional evolution of the membrane toward the selection and amplification 

of a specific transporting superstructure in the presence of the solute that 

promoted its generation in a first time.  

 

 
Mihail Barboiu 
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This is the interesting example of dynamic evolutive membranes, where a 

solute induces the upregulation of (prepares itself) its own selective membrane. 

 

References: 
[1]   M. Barboiu, C. Luca, C. Guizard, N. Hovnanaian, L. Cot, G. Popescu, J. 
Membrane Sci., 1997, 129, 197-207. 
[2]   M. Barboiu , N. Hovnanian, C. Luca, L. Cot, Tetrahedron, 1999, 55, 9221-9232. 
[3]   M. Barboiu, C. Guizard, J. Palmeri, C. Reibel, C. Luca, L. Cot, J. Membrane Sci. 
2000, 172, 91-103. 
[4]   C. Guizard, A. Bac, M. Barboiu, N. Hovnanian,  Sep. Tech. Pur. 2001, 25, 167-180. 
[5]   M.  Barboiu, G. Vaughan, A. van der Lee, Org. Lett. 2003,  5, 3073-3076.  
[6]   M. Barboiu, J. Incl. Phenom. Mol. Rec. 2004, 49, 133-137. 
[7]   M. Barboiu, S. Cerneaux, G. Vaughan, A. van der Lee, J. Am. Chem. Soc. 2004, 
126 3545-3550. 
[8]   C. Arnal-Herault, M. Barboiu, E. Petit, M. Michau,  and A. van der Lee, New J. 
Chem., 2005, 29, 1535-1539.  
[9]   A. Cazacu, A. Pasc-Banu, M. Barboiu, Macromol. Symposia, 2006, 245-246, 435-
438. 
[10] A. Cazacu, C. Tong, A. van der Lee, T.M. Fyles, M. Barboiu, J. Am. Chem. Soc. 
2006, 128(29), 9541-9548. 
[11] C. Arnal-Herault, A. Pasc-Banu, M. Michau, M. Barboiu,  Angew. Chem. Int. Ed. 
2007, 46, 8409-8413.  
[12] C. Arnal-Hérault, M. Barboiu, A. Pasc, M. Michau, P. Perriat,  A. van der Lee, 
Chem. Eur. J. 2007, 13, 6792 
[13] M. Michau, M. Barboiu, R. Caraballo, C. Arnal-Hérault, A. van der Lee, Chem. 
Eur.J. 2007, in press. 
[14] C. Arnal-Herault, A. Pasc-Banu, M. Barboiu A. van der Lee, Angew. Chem. Int. Ed. 
2007, 46, 4268-4272. 
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Dynamic Chemistry for Synthesis and Discovery 

 

 
 Dynamic chemistry based on reversible interactions or reactions has 

witnessed a dramatic upsurge in recent years, in part due to the formulation of 

dynamic combinatorial- or constitutional dynamic chemistry. Relying on the 

concept of dynamic equilibria and Le Châtelier's principle, a multitude of studies 

have demonstrated its use in producing self-sorting and adaptive systems in a 

variety of applications. Most of the studied systems depend on processes that 

equilibrate under thermodynamic control, the outcome of the final equilibrium 

then being due to the quality of individual interactions or reactions. This results 

in thermodynamic resolution of the system, yielding the most stable overall 

situation, although normally generating complex mixtures. An alternative 

concept instead relies on the generation of dynamic systems under 

thermodynamic control, and the coupling of these to secondary synthetic 

processes under kinetic control. The combined processes enable complete 

resolution and amplification of dynamic systems, and also allow for the use of 

catalytic amounts of resolving agent/selector. In this presentation, the scope 

and limitations of these concepts will be discussed, and examples in substrate 

identification and asymmetric synthesis given. 
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Functional Polymers - Building Blocks for Macromole cular and 

Supramolecular Architectures 

 

 Functional polymers are widely used as building blocks in the preparation 

of both complex macromolecular structures and supramolecular architectures. 

The progress in functionalization of different types of polymers has increased 

the available databank and stimulated advanced research of basic and practical 

importance. 

 The presentation will focus on the preparation of well controlled 

oligosiloxanes and oligo(N-acylimino)ethylenes functionalized with different 

active groups, able to covalently of physically interact to yield higher complexity 

systems such as hyperbranched polymers, core-shell micro/nano particles, 

structured gels a.s.o.      
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Thematic Enzyme Microarrays (TEMA): On-chip screeni ng of 

caspases and cathepsins activity 

 

The potential of protein microarrays in high-throughput screening (HTS) still 

remains largely unfulfilled, essentially because of the difficulty of extracting 

meaningful, quantitative data from such experiments [1]. Overcoming these 

shortfalls, we developed enzyme microarrays[2],[3], by using low-molecular-

weight fluorescent affinity labels (FALs) that function as activity probes of the 

microarrayed enzymes. Because FALs form covalent bonds with enzymes in an 

activity-dependent manner they can be used to characterize enzyme activity at 

each enzyme’s address, as predetermined by the microarraying process. 

Relying on this principle, we describe herein thematic enzyme microarrays 

(TEMA), Figure 1, and their validation in the case of cathepsins and caspases. 

In a kinetic setup we used TEMAs to determine the full set of kinetic constants 

and the reaction mechanism between the microarrayed enzymes (the theme of 

the microarray) and a family-wide FAL.  

 Based on this kinetic understanding, in an HTS setup we established the 

practical and theoretical methodology for quantitative, multiplexed determination 

of the inhibition profile of compounds from a chemical library against each 

microarrayed enzyme. Finally, in a validation setup, Kiapp values and inhibitor 

profiles were confirmed and refined. 
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Figure 1. Explanation of TEMA 
technology. Members of an 
enzyme family are microarrayed 
within identical subarrays on a 
functionalized glass slide. (a) In the 
kinetic setup, four different 
concentrations of FAL (one row of 
subarrays for each concentration) 
are reacted for 12 different  
reaction times with each subarray. 
Analysis of the data from this setup 
confirms the enzymatic nature of 
the reaction between the 
microarray enzymes and the FAL 
and the kinetic constants that 
characterize the activity of each 
enzyme are extracted. This kinetic 
characterization is used in defining 
a set of experimental conditions 
under which one can run a 
meaningful HTS experiment. (b) In 
the HTS setup, each of the 
subarrays is preincubated with a 
potential inhibitor (colored) or a 
blank (light blue) and treated with 
FAL at a concentration and for a 

reaction time defined by the kinetic constants derived in a. Data analysis provides each 
inhibitor’s activity profile against all enzymes of the subarray, under exactly the same 
experimental conditions. (c) In the validation setup, the subarrays within one row of 
subarrays are preincubated with different concentrations of an inhibitor (including a 
blank) and subsequently treated with FAL in a manner similar to b. Analysis of the data 
provides an inhibitor titration curve, from which refined Ki

app values can be calculated. 
 
 

 
References: 

[1] Kambhampati, D. (ed.). Protein microarray technology (Wiley-VCH, Heidelberg, 
2004). 

[2] Eppinger, J., Funeriu, D.P., Miyake, M., Denizot, L. & Miyake, J. Angew. Chem. Int. 
Ed. 43, 3806–3810 (2004).  

[3] Funeriu, D.P., Eppinger, J., Denizot, L., Miyake, M., & Miyake, J. Nature 
Biotechnology, 23, 622–627, (2005).  
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Earth Remote Sensing: Understanding Us and Our 

Environment for a Better Welfare 

 
 The talk will be split in two parts. In the first one a general overview will be 

provided on the main techniques used today in Earth Remote Sensing 

(microwave and optical, active or passive) and their vast range of applications in 

benefit of human welfare, as stated in the GEOSS Societal Benefit Areas: 1) 

Reduction of loss of life and property from natural and human-induced disasters, 

2) Understanding environmental factors affecting human health and well-being, 

3) Improving management of energy resources, 4) Understanding, assessing, 

predicting, mitigating, and adapting to climate variability and climate change, 5) 

Improving water-resource management through better understanding of the 

water cycle, 6) Improving weather information, forecasting, and warnings, 7) 

Improving the management and protection of terrestrial, coastal and marine 

resources, 8) Supporting sustainable agriculture and forestry and combating 

desertification, and 9) Understanding, monitoring, and conserving biodiversity. 

 In the second part, SMOS (“Soil Moisture and Ocean Salinity”): the 

European Space Agency’s Water Cycle Mission, in which the speaker has been 

involved since 1993 will be presented. The principles of operation and its 

applications will be reviewed, as well as the future trends in this field were 

cross-fertilization between Engineering, Atmospheric Physics, Oceanography, 

and Earth Sciences has played a very important role. 
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The current financial crisis: why models let us dow n 

 

 
 The keyword in Hank Paulson (the US secretary of the treasury)’s, recent 

statements is the “Complexity” of new financial products.  The securitisation of 

mortgages, the new financial products, in general, has spread financial risks 

around economy in such a way that banks' exposure to their bad loans has 

been notionally minimal. But the repackaging of mortgages in complex 

collateralised debt obligations has made it difficult to identify who is holding 

what. Ironically, a system that what was designed to diminish risk at the 

individual/ micro level has ended up by exacerbating it at the macro level, thus 

increasing systemic risk. The evolution of financial innovation has invalidated 

the relevance of the models (risk and econometric) that are used, which has 

practical consequences. But more importantly, it shows the cognitive limitations 

of these models, their inability to keep track of no longer functioning negative 

correlations, and of the transition from one regime to another. The science of 

complexity tries to show how order comes out of chaos. It would be also 

interesting to show how events, sequences of events, or larger dynamics which, 

apparently, increase efficiency undermine stability in the end. The current 

financial crisis vindicates those who doubt the self-healing (equilibrating) power 

of markets –in the sense of not creating major negative externalities for society 

as a whole. In policy-making pragmatism and open-mindedness is must (while 

fundamentalism should be avoided). Free markets are not synonymous with 

deregulated markets. 

 
 

 

 
Daniel Daianu  
 
The School of Political and Administrative Studies in Bucharest 
Romanian Economic Society 
 
 



May 1, 2008   IInd EURYIAS 2008 

 16 

 
Capillary self-organization of nanoparticles 

 

 
 Many practically interesting nanostructures can be engineered by 

capillary self-organization of nanoparticles. 

 Following our earlier works on drying granular materials, the classical 

Burridge-Knopoff, spring-block model is adapted to model the pattern formation 

mechanism in drying nanoparticle systems. The model is studied by large-scale 

molecular dynamics simulations.  

 Experimentally observed structures are successfully reproduced and the 

influence of the controlable parameters is clarified. Structure optimization 

methods are suggested and experimentally confirmed. The method suggests 

that modeling is useful, since it can offer experimentalist many helpful hints in 

choosing the optimal physical parameters, scales and experimental setup.  
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Plasmonics - a new paradigm of photonics for guidin g light and 

enabling novel biomedical application at nanoscale 

 

 
An emerging branch of photonics, called plasmonics, promises to create 

new prospects for guiding light on the nanoscale as well as to provide a new set 

of tools for research in molecular biology and biomedicine [1]. Plasmons are 

collective oscillations of free electrons induced by light in noble-metal 

nanostructures. Plasmonic nanostructures can act as nano antennae and thus 

serve as optical couplers across the nano–bio-micro interface.  

Here we report our results on the fabrication of noble-metal 

nanostructures via nanosphere lithography, chemical synthesis and self-

assembling routes. For example, polystyrene nanospheres are used as 

lithographic masks to deposit metal and generate periodic arrays of 

nanoparticles or nanoholes. Scanning and transmission electron microscopy, 

atomic force microscopy, and optical transmission and reflectivity 

measurements have been employed to correlate the nanometer-scale 

morphology and topography of fabricated nanostructures with their plasmonic 

properties. 

We investigate plasmonic nanostructures and develop multifunctional 

plasmon-based platform for spectroscopic detection of low-concentration 

analytes, which could be extended to single molecule level of detection [2, 3].  
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For example, the binding of bovine serum albumin (BSA) to gold and 

silver nanoparticle arrays was studied by localized surface plasmon resonance 

(LSPR), surface enhanced-fluorescence and surface-enhanced Raman 

spectroscopy (SERS).  

Also, the SERS efficiency for single molecule detection was evaluated by 

using a scanning confocal Raman microscopy with self-assembled gold 

nanoparticles for a number of representative molecular probes at different 

excitation laser lines. The high sensitivity associated with a confocal Raman 

microscope in conjunction with SERS nanoparticles, represents an important 

advantage over the sensitivity of conventional fluorescence microscopy and 

holds significant potential for novel biomedical sensing and imaging strategies. 

 

References:  
1. S. Al. Maier, Plasmonics- fundamental and applications, Ed. Springer, 2007. 
2. Monica Baia, Simion Astilean, and Traian Iliescu, Raman and SERS 

investigations of pharmaceuticals, Ed. Springer, 2008. 
3. Felicia Toderas, Monica Baia, Lucian Baia and Simion Astilean,  

Nanotechnology  Vol. 18, (25), 255702, (2007). 
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Steps towards Complex Matter: Information, Self-org anization, 

Adaptation in Chemical Systems 

 

 
Chemistry has developed from molecular chemistry, mastering the 

combination and recombination of atoms into increasingly complex molecules, 

to supramolecular chemistry, harnessing intermolecular forces for the 

generation of informed supramolecular systems and processes through the 

implementation of molecular information carried by electromagnetic interactions. 

Supramolecular chemistry is actively exploring systems undergoing self-

organization, i.e. systems capable of spontaneously generating well-defined 

functional supramolecular architectures by self-assembly from their components, 

on the basis of the molecular information stored in the covalent framework of 

the components and read out at the supramolecular level through specific 

molecular recognition interactional algorithms, thus behaving as programmed 

chemical systems. 

Supramolecular entities as well as molecules containing reversible bonds 

are able to undergo a continuous change in constitution by reorganization and 

exchange of building blocks. This capability defines a Constitutional Dynamic 

Chemistry (CDC) on both the molecular and supramolecular levels. CDC 

introduces a paradigm shift with respect to constitutionally static chemistry. It 

takes advantage of dynamic constitutional diversity to allow variation and 

selection and thus adaptation. 
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The merging of the features: - information and programmability, - dynamics 

and reversibility, -constitution and structural diversity, points towards the 

emergence of adaptive chemistry. 

 
General references 

�  Lehn, J.-M., Supramolecular Chemistry: Concepts and Perspectives, VCH 
Weinheim, 1995. 

�  Lehn, J.-M., in Supramolecular Chemistry: Where It Is and Where It Is Going (R. 
Ungaro, E. Dalcanale, eds.), Kluwer, Dordrecht, 1999, pp. 287-304. 

�  Lehn, J.-M., Dynamic combinatorial chemistry and virtual combinatorial libraries, 
Chem. Eur. J., 1999, 5, 2455. 

�  Lehn, J.-M., Programmed chemical systems: Multiple subprograms and multiple 
processing/expression of molecular information, Chem. Eur. J., 2000, 6, 2097. 

�  Lehn, J.-M., Toward complex matter: Supramolecular chemistry and self-
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2400. 
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Porous capsules interact specifically with their en vironment 

and with one another 

 

 
 Structurally well-defined mostly anionic porous spherical molybdenum-

oxide based nanocapsules/artificial cells of the type {Pentagon}12{Linker}30
n- 

allow unprecedented chemistry including sphere-surface chemistry and to follow 

new routes to different disciplines including Materials Science, Physics and 

even Discrete Mathematics. The size of the capsules and their 20 pores can be 

varied; as the pores have crown ether function they can be opened and closed 

with corks/guests, like guanidinium cations (Fig. top left). The internal cavity's 

shell can get differently functionalized due to the presence of different ligands 

which influence the structure of the encapsulates, including that of the uptaken 

(small) cation/water assemblies. Fascinating aspects are that the capsules 

interact specifically with their environment (with the option to model 

transmembrane cation transport; Fig. top right) and that some show a new type 

of assembly process. The same is valid for wheel-shaped Mo154 type species 

which show self-association based on glue type interfacial/confined highly 

structured water templated by the cluster surface (Fig. botttom). 
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Functional Organic – Inorganic Assemblies  
 
 

 
 The controlled stacking of different molecular entities in a single phase is a 

way to design new multifunctional systems in which each entity can bring its 

own property or contribute to novel physical phenomena or applications. The 

synthesis of inorganic/inorganic, organic/inorganic (O/I) or bio-/inorganic hybrid 

hetero structures is particularly interesting for the elaboration of materials 

combining the magnetism with optical activity, non linear optics or conductivity. 

We developed an approach aiming to the combination of two strongly 

connected active sub-networks, one built up with transition metal ions coupled 

through hydroxo bridges, the other corresponding to molecules involving �  

electron systems. We will present the synthesis and the properties of such 

nanostructured hybrids and their potential, especially as multifunctional 

magnets. 

 Molecular and supramolecular chemistry of multimetallic systems: new 

synthetic approaches, magnetic and optical properties. 
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Molecular and supramolecular chemistry of multimeta llic 

systems: new synthetic approaches, magnetic and opt ical 

properties 

 

 
 We are currently developing a synthetic strategy aiming at obtaining 

supramolecular architectures by using homo- and heterobinuclear complexes 

as tectons. Heterobinuclear complexes with two different 3d metal ions, or 3d 

and 4f metal ions, combining the electronic and stereochemical peculiarities of 

two metal ions, are particularly attractive as building blocks in designing 

heterometallic complexes. The following types of cationic species are 

employed: (i) homo- and heterobinuclear species with compartmental Schiff-

base ligands; (ii) alkoxo-bridged copper (II) species; (iii) heterobinuclear 3d-4f 

species with side-off Schiff-base ligands. The binuclear nodes are connected 

through appropriate exo-bidentate ligands, or through metal-containing anions 

(e. g. [Cr(NH3)2(NCS)4]
-, [M(CN)6]

3-, M = FeIII, CrIII, [M(CN)2]
- [M(CN)8]

3-, etc.). A 

rich variety of 3d-3d and 3d-4f heterometallic complexes, with interesting 

architectures and topologies of the spin carriers, has been obtained in our 

Laboratory.  
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Molecular self-assembly as formation tool for artif icial 

membranes 

 

 
 Artificial polymeric membranes play a key role in today’s modern industry 

and also in medical therapy. More than a million people could not survive 

without artificial kidneys. Reverse Osmosis is today’s leading technology to 

generate drinking water from sea water. Membranes contribute significantly to a 

clean environment by removing toxic substances from industrial waste streams. 

 All these achievements have been made with a handful of technical 

polymers and manufacturing methods, which are established since more than 

20 years. For future breakthroughs new membrane materials and formation 

methods are required. A very attractive route for the creation of well ordered 

nano-structured membrane materials is the molecular self-assembly, which 

mimics nature. The current status of self-assembled membranes will be briefly 

reviewed in this lecture and the most promising approaches will be identified. 

 GKSS has focused its work in this field in the combination of the well-

established phase inversion process with the self-assembly of block copolymers. 

In this new membrane formation process phase separation happens 

simultaneously on micro and macro scale leading to unique membrane 

structures.  
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