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1) PUBLISHABLE BRIEF SUMMARY OF THE WORK PERFORMED AND OUTCOME OF THE PROJECT 
NOTTINGHAM
The four projects at Nottingham aimed to develop metal-organic ligand chemistry towards applications in porous materials for gas adsorption and sequestration, metal complexes for catalysis, notably for hydrogen production, and in the design and synthesis of metal complexes of fullerenes for charge separation and single molecule manipulation. These were primarily synthetic chemistry projects demanding the development of wide-ranging synthetic and characterisation skills in the Fellows, and targeting the preparation of important and challenging new materials.

Project 1 (Bettoschi):  Synthetic routes and methodologies to the synthesis of a range of new polydentate carboxylate ligands incorporating pendant nitro and amine groups have been established. The new ligands have been fully characterised and analysed. The carboxylate donors can be either linear or bent tectons so that on binding to Zn(II) and Cu(II) centres a series of unusual porous metal-organic framework materials can be prepared. This strategy afforded a series of coordination polymers showing interesting structural characteristics, and some of these new materials show permanent porosoity. H2, CO2 and N2 gas measurements confirm significant gas uptake capacities for these materials. Most notably, the porous materials incorporate free amine or nitro groups within the pores, and we can therefore assess the effect of such groups for the selective sequestration and uptake of gases. Of particular note is the effectiveness of amine-decorated pores for CO2 uptake. Furthermore, we have undertaken post-synthetic modification in which free amine groups within pores have been chemically derivatised to amide groups, thus altering and modulating the decoration of the pore and its subsequent gas uptake characteristics.
Project 2 (Mancel D): We have synthesised new fullerene ligands incorporating pendant groups that can be attached to metal receptors. Our aims were to develop the transition metal coordination chemistry of novel [60]fullerene derivatives, and to study the electronic properties of the resultant fullerene/transition metal  complexes. Thus, we have designed and established new synthetic pathways to functionalised fullerenes with a variety of appended aza- and mixed aza/thioether macrocyclic ligands. Different synthetic routes have had to be used depending upon the target C60-ligand system. A series of charged/ionic metal complexes have been prepared and characterised. However, because of their relative insolubility, we subsequently targeted more soluble neutral metallocene-fullerne derivatives of Fe and Ru, and also salen and dipyrromethane complexes. Fusing redox active ferrocene, ruthenocene and dipyrromethane and salen complexes to a fullerene backbone is of interest since these systems may act as donor-acceptor systems in which [60]fullerene is an acceptor moiety with the coordinated transition metal ions acting as donors. Significantly, these complex systems have been successfully prepared and characterised for the first time and are currently under investigation as charge-seperated species and as metal delivery systems into carbon nanotubes.

Project 3 (Demurtas): A series of new aromatic polycarboxylate ligands have been designed and prepared and their complexation to metal centres investigated with the aim of generating porous metal-organic framework materials. Of particular focus has been the use of ligands that will not only afford a 4.4 square grid via square planar metal complexation, but will also incorporate addition carboxylate donors that will act as struts to connect these 4.4 grids. Thus, the design features of these ligands are set up to generate 3D porous materials. This strategy was successful and a range of porous metal-organic complexes have been prepared and characterised. Of particular interest has been the development of negatively-charged framework materials in which cations reside within the pores. At first glance, this may appear to be an inappropriate strategy since the pores within an anionic material will be occupied by cations which will necessarily reduce the space available for gas occupancy thus lowering the overall gas storage capacity of the material. However, by appropriate design, we have shown that these cations can act as “gates” to control and modulate gas entry and exit. Thus, hysteretic gas adsorption has been observed using “cationic gates” that hydrogen bond to the walls of the porous network. This represents a new methodology for the development of new polyfunctional porous materials that can load H2 at high pressure but store it at low pressures with enhanced binding via control with a molecular cationic “valve”. Furthermore, by carrying out cation exchange, for example by replacing protonated organic amine cations with small Li+ cations, we have confirmed that gas adsorption capacity as well as the isosteric heat of adsorption of H2 can be increased significantly. 
Project 4 (Mancel C): Hydrogenase enzymes are metalloenzymes which catalytically inconvert protons and hydrogen. These biosites incorporate Ni and Fe centres bridged and bound by thiolate ligands. The aim of this project was to prepare low molecular weight model complexes that mimic the structural features of the hydrogenase systems, and to investigate their redox and catalytic activity. A range of new thiolate ligands have been prepared and their respective complexes with appropriate transition metal ions investigated. Complexes of Ni, Fe, Co, Ru and Pd have been prepared and fully characterised. In some cases we have been able to prepare the corresponding mixed metal clusters and complexes in which thiolate donors bridge different types of metal centres. Of particular note has been the preparation of new dithiolene complexes in which alkyl thiolates bridge metal centres to give redox active metal and ligand sites within multi-redox component systems. Furthermore, these complexes incorporate peripheral donor groups that are being investigated for the prepration of new framework polymers incorporating a model biosite complex within the porous structure. Characterisation of redox metal complex products is currently under investigation as is the catalytic activity of all new complexes and materials.
Keywords: ligands, metal-organic frameworks, fullerenes, hydrogenase, porosity, hydrogen storage, CO2 sequestration, thiolates, carboxylates, cation exchange
For more information, please consult the following website: 
http://www.nottingham.ac.uk/Chemistry/People/m.schroder
BARCELONA

Project 5 (Oliveros): We have studied the sodium salts of tri and hexa carboxylic polychlorotriphenylmethyl radicals (PTM) as a new class of dynamic nuclear polarization (DNP) agents. The radical used as a polarizing agent determines the polarization transfer mechanism, and the presence of chlorine nuclei in the molecule allows a different polarization mechanism from that of the commonly used trityl radicals, such as OX63. This study opens the way to the design of new functionalized chemospecific radicals for selective DNP enhancement in complex systems. We have shown that the PTM radical adsorbs onto the Au (111) herringbone reconstructed surface via van der Waals forces between two of the four chlorine atoms of each of the three phenyl rings and the metal surface. Furthermore, the PTM radical units self-assemble into intermolecular hydrogen bonded racemic domains. In this configuration, the SOMO orbital is expected to be normal to the gold surface and can be exploited for further applications like data storage or sensing. 
Project 6 (Pfattner): A new polymorph of DT-TTF, a so-called β-phase, has been found in single crystals prepared on a surface from solution and in evaporated thin-films, and was investigated by confocal Raman spectroscopy and X-ray diffraction analysis. The OFET performance of solution-processed single crystals of both polymorphs, the already studied α-DT-TTF and the newly found β-DT-TTF, was tested in different device architectures. All the devices exhibited excellent performance. All OFETs based upon α-DT-TTF single crystals and thin films showed higher mobility than OFETs derived from β-DT-TTF. This result is in agreement with crystallographic studies, which revealed that both phases show a similar crystal structure, but distances between neighboring molecules are larger for β-DT-TTF. It is crucial to establish a correlation between solid state structure and device properties in order to further understand the transport phenomena. Moreover, if organic devices are going to be implemented for commercial use, it will be imperative to be aware of the control of polymorphism in organic semiconductors. We have confirmed that integration of multiple length scale movements in bilayer films affords potential ultra sensitive piezoresistive properties. Thus, we have confirmed that these bilayer films offer great promises as strain sensors for a wide range of applications due to their fast responses, high sensitivity and stability and long-lived durability. Moreover, such flexible, transparent and light-weight soft composite materials benefit from the fact that they can be produced at low-cost and their conducting properties can be chemically tuned. Thus, bilayer film sensors are very attractive as a new generation of low-cost organic piezoresistive materials and are expected to have a strong impact in areas such as biomedicine, smart textiles, robotics, and in automotive, aeronautic and space components 
Project 7 (Simao): Molecules that behave as wires or switches in solution have been known for a long time. However, for the realisation of practical molecular electronic devices it is imperative to transfer these properties onto a solid support by immobilising the molecules onto substrates. In particular, systems that can be reversibly converted between two stable states that differ in their physical properties are attracting great attention for the development of memory devices. We have achieved the functionalisation of ITO substrates with an electroactive persistent organic radical which can be electrochemically converted to an anionic form. This molecular bistable system behaves as an extremely robust redox switch in which an electrical input is transduced into an optical as well as magnetic output. The fact that this molecular surface switch operates at very low voltages together with its exceptionally high long-term stability and excellent reversibility and reproducibility, makes it a very promising platform for nonvolatile memory devices. We have found also that surfaces functionalized with electroactive TTF derivatives shows very similar behaviour.
Project 8 (Gondiec): A new chiral liquid-crystalline terbium double-decker phthalocyanine complex has been synthesized and characterized. This material shows a hexagonal columnar mesophase at room temperature, and this property was used as a tool to tune its microscopic structure at low temperature using different cooling rates from the isotropic melt. The coexistence of two different  magnetic processes could be observed via ac magnetic susceptibility at low temperature in a ratio depending on the cooling rate. Such a phenomenon, which has been seen previously for Mn12 single molecule magnets, has not been previously observed in double-decker complex systems. Moreover, unlike the Mn12 complex, the ratio of the two magnetization relaxation rates could be reversibly tuned by varying the cooling and heating cycles. Also very important has been the characterization of the hysteresis of magnetisation at low temperature and elucidation of the electronic configuration of the different oxidation states of this double decker complex. 
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For more information, please consult the following website: http://www.icmab.es/org/eng/fichas/rovira.htm
STRASBOURG

Molecular tectonics is an area of supramolecular chemistry dealing with the construction of crystalline molecular solids by self-complementary processes between complementary building blocks called tectons. Many types of solids can be envisioned: organic, inorganic or hybrid organic-inorganic materials. The latter class of materials is especially interesting for their potential applications in catalysis or gas storage. However, the design and preparation of such architectures still remains challenging. The four projects developed in Strasbourg have addressed this issue, focussing particularly on the preparation of crystalline coordination networks by self-assembly processes. 

Project 9 (Kuhn): The use of functionalized macrocyclic ligands, porphyrin based tectons, for the preparation of porous metal-organic frameworks has been investigated. We have confirmed that derivatives bearing two pyridyl groups at 5,15 positions can self-assemble in the presence of Zn2+ cations into three-dimensional networks with hexagonal channels. This peculiar recurrent organization has been studied and exploited at different scales: at the nanoscale to form nanotubes and at the macroscopic level by the preparation of single-crystals. In all instances, this hexagonal arrangement has been observed and appeared almost unaffected by the presence of a variety of groups at 10,20 positions of the porphyrin backbone. Introduction of different groups at these positions is nonetheless crucial for the modification of the properties of the pores.

Project 10 (Carpanese): A different approach was taken in this project for the preparation of coordination networks by molecular tectonics. New architectures were made via assembly of an organic ligand with a metal centre or a metal cluster. In this case, the inorganic part of the network was introduced as a pillar consisting of Zn2+ cations and bridging SiF62- anion. These pillars are robust and can be bridged by organic ligands to form multi-dimensional architectures. Following this approach, a wide variety of porous frameworks as well as chiral networks have been prepared and fully characterized.

Project 11 (Lin): The preparation of coordination networks supported by charge-assisted hydrogen bonding has been addressed. Based on the specific recognition of carboxylate group by bis-amidinium cations through a dihapto mode of hydrogen bonding, a series of organic networks has been prepared. Carboxylate donors attached exo to chelating ligands bound to metal centres afford metal complex tectons, which can be used for the generation of carboxylate/amidinium recognition patterns. Thus, using the coordination event between metal centres and the chelating moiety, a series of quaternary two-dimensional architectures can be generated and structurally characterised. Furthermore, several other coordination networks have been prepared, among them a silver complex nanowire.

Project 12 (Pogozhev): The synthesis of networks comprising of more than one type of metal centre have been investigated and the formation f a series of heterometallic architectures confirmed. The preparation of such architectures is rather challenging and can be accomplished following a sequential approach based on an organic bridging ligand bearing at least two different recognition sites. Following this strategy a unique series of heterometallic discrete as well as infinite architectures have been prepared.
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For more information, please consult the following website: http://www-chimie.u-strasbg.fr/~lcco/publications/liste.html

