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Annex I

PART A: CONTRACT DETAILS AND OBJECTIVES

1:  
Full Title: Transition Metal Chemistry and Catalysis in Aqueous Media



Short title (i.e. Project Acronym): AQUACHEM
2: 
Proposal Number: 503864

Contract Number:
3: 
Duration of the project:  48 Months

4: 
Contractors and Places of Implementation of the Project
The Co-ordinator and other Contractors listed below shall be collectively responsible for the execution of work defined in this Annex:

The Co-ordinator

1-   Consiglio Nazionale delle Ricerche

CNR-ICCOM
established in Italy

Other Contractors

2- 
Centre National de la Recherche Scientifique
CNRS-LCC
   established in France


3-
 University of Debrecen



UD

established in Hungary

4-
 The Hebrew University of Jerusalem

HUJI

established in Israel

5- 
 Universitat Autònoma de Barcelona 

UAB

established in Spain

6-     University of York



YoK

established in the United

Kingdom

7- University of Erlangen-Nürnberg

UEN

established in Germany

8- Instituto Superior Tecnico


IST

established in Portugal

9- Universidad de Almeria


UAL

established in Spain

10- A.N. Nesmeyanov Institute 

of Organoelement Compounds – RAS

INEOS

established in Russia

The Co-ordinator and other contractors are referred to jointly as “the Consortium”.

5: 
Project Overview

5.1 Overall objectives

The constant increase in chemical production and associated increase in energy consumption and waste generation obstruct the achievement of protection of our environment. Water is cheap and non toxic solvent, making it attractive in terms of economy and safety. The overall purpose of this proposal is to bring together top European laboratories who collectively possess all the required skills to develop and implement the use of catalytic processes compatible with aqueous media, providing a unique training ground for early-stage and experienced researchers. The main project objectives will be:

1) The design, synthesis and characterization of new hydrosoluble ligands (cyclopentadienyls, phosphines, porphirins, azacrowns, bipyridyls etc.) and macroligands (dendrimers), and the study of their co-ordination chemistry with metals of catalytic relevance. 

2) The design, synthesis and characterization of organometallic compounds with aqua, hydroxo, and oxo ligands.

3) Studies of substrate activation and stoichiometric reactivity. Activation of inorganic substrates such as water, dioxygen, dihydrogen, carbon and sulphur oxides, bicarbonate and carbonate, phosphorus, organic substrates (alkynes, alkenes, alcohols, thiols, nitriles,) etc.  Activation of C-F, C-C and C-Heteroelement bonds.
4) Physico-chemical studies of complex-solvent interactions including spectroscopic, thermodynamic, kinetic and mechanistic investigations of the interaction between transition metal complexes and solvent molecules.  Process to be studied entail: water coordination and exchange; proton transfer to and from a metal centre and ligands as a function of pH; hydrogen bonding interactions between water (as a proton donor) and transition metals or ligands (as a proton acceptor). Study of the effect of solvent composition on pKa, rate constants, reaction enthalpies, etc.  

5) The development or improvement of analytical instrumentation for in situ and on–line analysis of reaction intermediates, by-products and products of stoichiometric or catalytic reactions (ESI-MS, spectroelectrochemistry, photochemistry, NMR spectroscopy, etc).

6) Theoretical studies, by ab initio and/or density functional methods, in parallel with the experimental studies. Targets of this activity will be the modelling of catalytic cycles and hydrogen bonded interactions. The analysis of solvent effects with different solvent/solute interaction models.  
7) Catalytic studies in aqueous or biphasic media at different pH: CO2 hydrogenation, oxidation of various substrates, hydrodehalogenation of fluorinated and chlorinated hydrocarbons, functionalization of alkanes, metathesis of alkenes, hydroxylation of white phosphorus, detoxication of poisonous nitriles, etc., including comparison of the catalytic activity and selectivity of the water-soluble metalladendrimers with that of the corresponding water-soluble monomers.
8) Electrocatalytic studies in aqueous/biphasic media. 
9) Photochemistry and photocatalysis in aqueous/biphasic media including solar-induced reactions.
5.2 Overall approach and methodology 

5.2.1
Methodology

This paragraph describes the methodology that will be adopted in order to achieve each of the above objectives. The corresponding techniques employed are summarized in paragraph 5.2.2.

1. New hydrosoluble ligands and their coordination chemistry

The design, synthesis and characterization of new hydrosoluble ligands will be accomplished using an "appropriate modification of established ligand" approach. General classes of ligands will include: (a) modified monodentate and bidentate phosphines bearing hydrophilic substituents such as aminoacids, (oligo)peptides, nucleosides, sulphonates, and carbohydrates; (b) functionalised mono- and polysubstituted cyclopentadienes with hydrophilic substituents as above; (c) modified water-soluble porphyrin, azacrown, and bipyridyl; (d) functionalised dendrimers bearing a variety of different donor groups (phosphines, phosphonites, phosphinites, phosphites, amines, imines, etc) to be placed either on the surface or within the cavities of the dendrimers. 

2. Aqueous organometallic chemistry with aqua, hydroxo, and oxo ligands 

This will include: investigations of known high-valent organometallic compounds [e.g. CpReO3, (CH3)ReO3, (CH3)3ReO2, (CH3)4OsO, Cp2M2O5 (M = Mo, W)] and new related derivatives in water. A reductive approach to new middle-valent organometallics containing hydroxo and/or aqua ligands will be examined. Specific aqueous characterization methodologies will be applied such as (a) speciation studies as a function of pH by using a variety of analytical tools (ESI-MS, EPR, NMR spectrometry) and kinetics analyses, (b) studies of the redox behaviour and associated chemical transformations by classical electrochemical techniques and by in-situ techniques, such as coupled ESI-MS electrochemistry and spectroelectrochemical methods.

3. Substrate activation and stoichiometric reactivity 

Study of the interaction between the two above classes of compounds and different substrates will be accomplished though the isolation or in situ studies of the substrate-complex adducts. Specific examples will include the activation of: (a) water, of relevance to the photo-induced water splitting process.  In model compounds, O-H activation may lead to hydrido-hydroxo species or oxo species and dihydrogen; (b) dioxygen and hydrogen peroxide of relevance to the oxidation and hydroxylation of organic compounds based on enzymatic processes; (c) C-F bonds for the purpose of synthesis of fluoro-organic molecules that are otherwise inaccessible; (d) nitriles, for a variety of nucleophilic addition processes and 1,3-dipolar cycloadditions; (e) carbon dioxide, bicarbonate and carbonate in stoichiometric reactions with pre-formed transition metal hydrides; (f) other substrates (alkynes, alkenes, alcohols, thiols, H2, CO, CO2, SO2, etc.). The systematic study of the influence of pH and metal oxidation state (if redox active) will be performed. 

4. Physico-chemical studies of complex-solvent interactions

These studies will be carried out based on spectroscopic, thermodynamic (equilibrium), kinetic and mechanistic investigations of the interaction between transition metal complexes and solvent molecules.  These will include: (a) water coordination and exchange; (b) proton transfer to and from a metal centre (lone pair/hydride ligand equilibrium) and ligands (e.g. oxo/hydroxo, hydroxo/aqua, sulphide/hydrosulphide, amide/amine, alkylidene/alkyl, alkyl/alkane, hydride/dihydrogen, etc.) as a function of pH; (c) hydrogen bonding interactions between water as a proton donor and transition metals (lone pairs) or ligands (oxo, hydroxo, nitrido, sulphide, hydride, alkylidene, alkyls, etc.) as proton acceptors. The studies will be carried out in pure water (whenever possible) and in water-containing media (e.g. water-alcohol, water-acetonitrile, etc.). In addition, study of the effect of solvent composition on pKa, rate constants, reaction enthalpies, and.  spectroelectrochemical study of the effect of oxidation state on solvent-ligand and -metal interactions (e.g. hydrogen bonds) will be performed.

5. In-situ analytical techniques.
The development or improvement of analytical instrumentation for on–line analysis of reaction pathways will be pursued as follows: (a) Evolution of on-line flow-through electrochemical reactors and ESI-MS in order to: (i) widen the detection range, (ii) identify short-life intermediates, (iii) increase the sensitivity (e.g., by introduction of derivatisation agents), (iv) develop appropriate mathematical models. (b) Development of an electrochemical flow cell coupled on–line with ESI-MS detection and capable of performing intermediate electrophoresis or chromatographic separations. This will allow increased selectivity and will provide a way to distinguish speciation induced by the electrospray interface. (c) Expansion of the scope of on-line, flow through ESI-MS investigations to photocatalytic processes.  The photocatalyst will be either coated on the inside surface of a quartz capillary or continuously fed in the form of a colloidal suspension. (d) Development of new spectroelectro​chemical cells for work under cryostatic conditions in order to study the effect of the oxidation state on solvent-ligand and -metal interactions. (e) Development of a probe for low temperature laser photolysis within the NMR probe.

6. Theoretical studies 

Computational studies, by ab initio and/or density functional methods, in parallel with the experimental studies will be done as follows: (a) Modelling of catalytic cycles by fully quantum mechanical or QM/MM methods, including the geometry optimisation of reaction intermediates and transition states and the comparison with available experimental results (geometries from structural studies, energetics from thermodynamics and kinetics data).  (b) Analysis of the hydrogen bonded interactions.  The polarity of these interactions may be modified or even reversed upon changing the metal oxidation state. (c) Modelling of solvent effects by both continuum models (solute inside a cavity with a polarisable dielectric), and by discrete solvent models (several solvent molecules are included in the quantum mechanical calculations).  This will be necessary in particular when the solvent participates in hydrogen-bonding interactions.

7. Catalytic studies in aqueous or biphasic media. 
The new water-soluble metal complexes will be used as catalyst precursors for a variety of catalytic processes under biphasic conditions at controlled pH. Typical spectroscopic, kinetic and analytical techniques will be employed (vide infra). Illustrative examples are: (a) CO2 hydrogenation aimed at exploiting this feedstock as a C1 building block.  This may become a model sink for CO2 and for chemical removal of this greenhouse gas. (b) Oxidations of various substrates (e.g. alcohols, sulfides, aromatic hydrocarbons) with dioxygen or H2O2 or the powerful “green” oxidants hydroxyl and hydroperoxyl radicals (electrogenerated during high potential catalytic splitting of water), thereby circumventing halogenations. (c) Hydrodehalogenation of fluorinated and chlorinated hydrocarbons. (d) Extension of the processes catalysed by natural vanadium catalysts (Amavadine) [e.g. peroxidative hydroxylation, oxygenation, carboxylation and halogenation of alkanes] to a wider variety of substrates and catalysts (e.g. oxo-or hydroxo-3d-metal systems).  (e) Alkene metathesis in water (RCM, ROM and ROMP), opening the way to biologically active compounds such as aminoacids, azasugars, and peptidomimetics that are otherwise difficult to prepare. (f) Catalytic aqueous detoxication of poisonous nitriles, especially those from industrial waste waters. (g) Hydroxylation of white phosphorus in water to phosphorus acids, as an alternative to the currently adopted chlorination of P4 to PCl3 followed by substrate phosphorylation.  The catalytic activity of the water-soluble metalladendrimers will be compared with that of the corresponding water-soluble monomers.  The catalytic activity and selectivity (chemo-, regio-, stereo-, and enantioselectivities) for all processes will be compared with those of similar systems operating in non aqueous media. The feedback from these comparisons will lead to the development of second generation of ligands and complexes.

8. Electrocatalytic studies in aqueous/biphasic media

New electrocatalytic processes of two main different types will be developed: (1) Electron transfer chain (ETC) catalysed processes (overall non redox processes, catalytic in electrons, occurring in the presence of a redox active complex), e.g. ligand exchange, isomerizations, disproportionation, migratory insertions and extrusions, etc. (2) Redox processes using a stoichiometric amount of electrons and the catalytic action of an electron-transfer mediator which may be either free in solution or anchored on the electrode surface. These processes could be related to regular catalytic processes detailed in the previous section: (a) reduction processes using proton and a cathode in place of H2 (e.g. hydrodehalogenation, hydrodesulfurisation, etc.); (b) oxidation processes using water and an anode in place of an oxygen atom donor (e.g. alcohols to aldehydes, sulfide to sulfoxides, etc.). Studies of these processes with on-line plug flow electrochemical cells coupled with on-line diode array spectrometric or mass spectrometry analyses will allow the study of both product distribution and catalyst transformation in the electrochemical cell. 

9. Photochemistry and photocatalysis in aqueous/biphasic media. 

The development of new photocatalysts in water and biphasic media will be pursued by extending the principles of known photochemical and photocatalytic processes. For instance, YoK will investigate the photochemistry of the [Cp*RuH2(PTA)2]+ system, recently reported to be an excellent catalyst in aqueous media by CNR. The photochemical activity of known systems in organic solvents will be compared with that of water soluble analogues [e.g. Cp*Rh(PMe3)H2 and Cp*Rh(PTA)H2].  Whenever necessary, these studies will also be carried out by using on-line plug flow photoreactors coupled on-line to a mass spectrometer. In this latter device the photocatalyst could either be introduced in the liquid phase along with the reactants or immobilized on sol-gel silicates or organically modified silicate films (Ormosil) spread onto the walls of a fused silica capillary photoreactor. Study of solar-induced reactions catalysed by water soluble metal complexes in aqueous and biphasic conditions will be pursued, first by using a home-built micromolar photoreactor for parameters optimisation (radiation density, temperature, reaction time, etc.), then scaled up to the molar level by using the solar flow reactor (SOLFIN) available at the “Plataforma Solar de Almería”. The influence of the direct solar radiation on the efficiency and product distribution will be evaluated. The solar approach will be focused to the synthesis of added-value molecules (drug precursors or fine materials for industrial applications) or will be targeted to selectively eliminate waste molecules from industrial process.
5.2.2.
Techniques

Most synthetic methodologies used to approach water soluble ligands and their coordination chemistry with catalytically active transition metals are standard, while a particular synthetic methodology leading to dendritic architectures will be provided by the CNRS-LCC/a team. Diffraction techniques and a variety of standard spectroscopic methods, all of which are available in most of the participating laboratories, will help to get information on the solid state and solution structures. The catalytic activity of the resulting complexes will be explored under both atmospheric and high-pressure conditions.  The UD, CNR-ICCOM, CNRS-LCC/b, IST and UEN teams are equipped with medium and high-pressure autoclaves for catalytic work. In addition, the CNR-ICCOM and UEN teams have developed advanced sapphire tubes and special probeheads for high-pressure NMR and IR studies allowing reaction monitoring under catalytic conditions.  The use of parahydrogen NMR and the coupled laser photolysis – NMR techniques by the YoK team will increase the ability to identify and study the kinetic evolution of key catalytic intermediates. The use of these techniques in combination with HPNMR is unprecedented and the combined use of these methodologies is expected to push the detection limits to new low levels. The quantitative analysis of mixture of the catalysis products and thereby the selectivity will be assessed by standard analytical chromatographies (gas-phase, HPLC, etc.).  

The YoK and HUJI groups are leaders in photocatalytic reactions. Their methods allow the measurements of the rates of individual reaction steps which often occur very rapidly within a catalytic cycle. Relevant to this area, the HUJI group has acquired substantial expertise in the immobilization on sol-gel derived silicates of photocatalysts. The use of solar energy to carry out chemical reactions is a special photochemical method provided by the UAL unit. The locally developed micromolar solar reactor may be coupled on-line with an IR spectrometer and with an automatic filling system for NMR tubes. The possibility to develop catalytic processes mediated by water soluble complexes using solar radiation as an energy source will represent the most important target of this activity.  

The electrochemical studies constitute a particular expertise of the IST and HUJI teams. Conventional cyclic voltammetry and coulometry (IST, HUJI, CNRS-LCC) and unconventional methods, such as fast cyclic voltammetry and digital simulation for mechanistic interpretations (IST). Certain synthetic and catalytic processes in water may also benefit from the technique of focused microwave irradiation, a unusual technique available at the IST group, which may be applied to greatly accelerate synthetic and catalytic processes in water and also, in some cases, to avoid the use of any solvent, in particular noxious organic ones.

pH-potentiometry will be applied by UD to study acid/vase equilibria and hydrogen bonding interactions which strongly affect organometallic and coordination chemistry in water. Other kinetic methods including the stopped-flow (CNRS- LCC/b, IST, UEN), T-jump, flash photolysis and pulse-radiolysis techniques (UEN) will also provide information on reaction mechanisms in water.

The thermodynamic and the complete energetic profile for hydrogen bonding interactions will be studied at INEOS through a variety of spectroscopic methods at variable temperatures (mostly infrared, ultraviolet and visible spectroscopies).  

The speciation of transition metal complexes in aqueous media will be conveniently investigated by electrospray-ionisation mass spectrometry (HUJI, UD), which gives the minimum amount of fragmentation and reorganisation phenomena in the gas phase. The on-line coupling of this detection method with flow-through electrolysis is eminently suitable for the preliminary investigation of complex redox processes and for the speciation study of the resulting products.  

The UAB team is world leader in theoretical methods.  The UAB team has participated in the development of the IMOMM hybrid quantum mechanical/molecular mechanics (QM/MM) method, whose extensive application has improved the adaptability of theoretical tools to “real life” situations and has allowed to successfully tackle solute/solvents interactions at different computational levels.  

PART B: IMPLEMENTATION

1.  
Description of the joint Research/Training Project

.

· Research 
The overall project may be broken down into six tasks, labelled from T1 to T6.  The relationship between the tasks and expertises, and between the expertises and the teams, are shown in the flow diagram below. 
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Further details on each task are as follows: 

Task 1: Hydrosoluble ligands and their complexes. Synthesis of new hydrosoluble ligands: (i) new water-soluble complexes with phosphines and carbene-type ligands; (ii) functionalised phosphines and cyclopentadienes bearing highly polar water soluble substituents; (iii) modified porphyrin, azacrown, and bipyridines; (iv) functionalized dendrons, bis dendrons and dendrimers. Co-ordination chemistry of the new ligands on catalytically active metal centres and model studies with heavier congeners of the above metals. Hydrosoluble organometallic complexes containing these ligands. Characterization by MS analysis and IR, UV-vis, NMR, and EPR spectroscopic techniques. Structural studies by single crystal X-ray diffraction.  Electrochemical and photochemical investigations of the redox-active complexes. Computational investigations. Task coordinator: YoK. Participants: YoK, CNR-ICCOM, UD, UAL, CNRS-LCC/a, UAB, IST.
Task 2:  High oxidation state organometallic aqua ions. Synthesis of new ionic aqua complexes of low-to-intermediate oxidation states transition metals (V, Ru, Rh, Pd) and hydroxo and oxo complexes of middle-to-high oxidation state early transition metals (Nb, Ta, Mo, W, Re).  Thermodynamics and kinetics of ligand binding studies.  Binding on dendrimers.  Spectroscopic studies of hydrogen bonding interactions. Structural studies by single crystal X-ray diffraction.  Electrochemical investigations. Computational investigations. Task coordinator: CNRS-LCC/b. Participants: CNRS-LCC/a, CNRS-LCC/b, uab, UEN, INEOS, IST.
Task 3:  Solvent-complex interactions.  Hydrogen-bonding between solvent molecules and ligands or metal centres. Hydrogen-bonding between solvent molecules and dendrimers and metalladendrimers. Mechanistic studies of water exchange and proton transfer processes to and from ligands or metal centres, detection and characterization of reaction intermediates.  Hydrogen bonding to metal fluorides, interactions of pendant groups to metal hydrides, hydrogen bonding of water to metal hydrides. Computational studies by PCM or discrete solvent models. Task coordinator: UAB. Participants: UAB, INEOS, CNRS-LCC/a, YoK, UEN, CNRS-LCC/b.
Task 4:  Speciation studies. Investigation of the nature of aqua/hydroxo/oxo ions or other hydrosoluble complexes in water or aqueous solvents at different pH by potentiometry, electrospray ionisation mass spectrometry, high-pressure and stopped-flow.  Effect of the oxidation state on ligand binding properties.  Flow-through electrochemistry and on-line ESI-MS studies. Task coordinator: HUJI. Participants: HUJI, UD, UEN, CNRS-LCC/b, YoK, IST.
Task 5:  Substrate activation and mechanistic studies. Stoichiometric reactivity of transition metal complexes containing hydrosoluble ligands and/or aqua/hydroxo/oxo ligands with inorganic and organic substrates, including: dihydrogen, dioxygen, nitriles, saturated and fluorinated hydrocarbons, terminal alkynes and propargylic alcohols.  Mechanistic studies using rapid-mixing techniques, high-pressure techniques including T-jump, flash photolysis, pulse radiolysis, etc., low-temperature spectroscopy, parahydrogen NMR, pH-potentiometry, and electrochemistry. Task coordinator: UEN. Participants: CNR-ICCOM, UD, UAB, YoK, CNRS-LCC/b, IST, UAL, INEOS, UEN.  
Task 6: Catalysis, photocatalysis and electrocatalysis in water and biphasic media. Catalytic studies in aqueous and biphasic media at both atmospheric and high pressure.  In situ monitoring by high-pressure NMR and IR. Photocatalytic investigations. Solar photocatalytic process mediated by water soluble metal complexes. Electrocatalytic investigations. Focused microwave irradiation studies. Task coordinator: UD. Participants: UD, IST, CNR-ICCOM, YoK, UAL, CNRS-LCC/a, HUJI.  
Major milestones for the proposed research work are listed in form A9. Those beyond two years will be re-evaluated at the Mid-Term Review together with possible amendments to or reorientations of the scientific objectives. 

Schedule and milestones

Major milestones for the proposed research work are listed in tabular form as shown below. Those beyond two years will be agreed at the mid-term review together with possible amendments to or reorientations of the proposed objectives. At the end of each year, a Network meeting will be organised for the preparation of intermediate reports and concertation of the research activities.

	
	Scientific 
	Training 

	1 month
	
	Construction of the Network web homepage.

Kick-off meeting

	12 months
	Design and synthesis of at least 4 new or modified hydrosoluble ligands (T1)

Synthesis of at least 5 new coordination compounds (T1,T2)

Calculations of at least 1 solvent-molecules interactions (T3)

At least 1 speciation study in the full pH range (T4)

At least 2 electrochemical investigations (T2, T6).
At least 2 submitted joint papers
	At least 56 person-months

At least 4 months of secondment activities

Language courses attended

1st-year Network meeting

At least 1 presentation of joint results by the trained researchers at other international meetings

Application for the AQUACHEM workshop submitted.

	24 months
	At Least  9 new or modified hydrosoluble ligands (T1)

At least 15 new coordination compounds (T1,T2)

A working prototype of an on-line capillary photoreactor coupled on line to an electrospray mass spectrometer (T4,T5)

Full thermodynamics of solvent-complex interaction for one catalytically active complex (T3)

At least two solar-induced processes developed on the microscale reactor (T6)

Computational modelling of at least one catalytic cycle (T5)

First catalytic test (T6)

First electrocatalytic test (T6)

First photocatalytic test (T6)

At least 4 submitted joint papers
	At least 181 person-months

At least 15 months of secondment activities 

Language courses attended

2nd-year Network meeting and possibly first AQUACHEM workshop held

At least 4 presentations of joint results by the trained researchers at other international meetings

Completion of mid-term report on project

	36 months 
	At least 4 second generation hydrosoluble ligands (T1)

At least 10 coordination compounds with the second generation ligands (T1,T2)

In situ studies of the catalytic activity  of one electrocatalyst with respect to several key reactants (T6)

Mechanistic study of at least 5 stoichiometric and catalytic processes in water or biphasic systems (T5)

At least one reaction promoted by solar energy studied by the solar flow reactor (T6)
A working prototype of an on-line electrochemistry - electrospray mass spectrometer equipped with intermediate separation step (T4, T6) 

At least 12 submitted joint papers

At least 1 joint patent (all Tasks) 
	At least 285 person-months

At least 23 months of secondment activities

Language courses attended

3rd-year Network meeting

At least 12 presentations of joint results by the trained researchers at other international meetings

	48 months
	At least 5 new catalytic processes in aqueous or biphasic media (T6)

At least 2 catalytic processes fully understood by combining approaches (kinetic, energetic, mechanistic, theoretical) (T5)

At least 2 new electrocatalytic processes in aqueous or biphasic media (T6)
At least 5 new photocatalytic processes in aqueous or biphasic media (T6)

At least one catalytic process fuelled by solar energy (T6)

At least 20 submitted joint papers

At least 3 joints patents (all Tasks)
	326 person-months

27 months of secondment activities

Final meeting and possibly second AQUACHEM workshop held

At least 20 presentations of joint results by the trained researchers at other international meetings
Completion of full report on project


· Training and transfer of knowledge (ToK)

The network as a whole undertakes to provide a minimum of 326 person-months of Early Stage and Experienced Researchers whose appointment will be financed by the contract. Quantitative progress on this, with reference to the table contained in Part C and in conformance with relevant contractual provisions, will be regularly monitored at the consortium level.  

The 326 person-months will be divided into 50.6% at the early stage level (165 person-months) and 49.4% (161 person-months) at the experienced level.  The breakdown among teams is as indicated in part C.

All teams have a sufficient number of permanent staff or already trained students to ensure a rapid and efficient integration of the recruited team member(s).  As a general rule, each young researcher will work under the direct supervision of a Tutor (usually the Team leader or a Senior Researcher of his/her group).  Each researcher will be primarily trained in the specific practices of the host institution, but training in complementary areas will be provided at collaborating institutions through secondment activities, insuring a highly interdisciplinary approach. The young researchers will travel to other relevant institutions to carry out specific collaborative experiments on their own samples and/or to be trained in specialised procedures or techniques as described in previous sections. The low-temperature spectroscopic analysis of unstable reaction intermediates involving transition metal complexes (including hydrogen-bonding interactions), developed at INEOS (Moscow), is not available in any research centre operating in the EC.

The secondment programme will require that young researchers will spend at least 1/12 of their appointment period (e.g. 1 months for a 1-year appointment) in at least one laboratory in addition to their principal place of work within the Consortium. The Task Co-ordinator will assist the Tutor in the identification of the different partner laboratories with the most important complementary expertise for the training of the young researcher through secondment activities. 

A unique feature of this Network will be the establishment of a number of shared thesis co-direction by the different Network partners following a Scheme which is already in place by bilateral agreements between different Universities (e.g. such agreements are already in place between CNRS-LCC/b - INEOS and CNR-ICCOM - UAL). Many countries represented in this network have bilateral programmes for supplemental support of mobility expenses. Additional funding from these organisations will be sought to complement the RTN funding.  The INEOS group will not directly participate in the research training programme. However, their unique expertise in the spectroscopic study of hydrogen-bonding interactions will provide an added value to the Network in terms of (i) secondment of early stage and experienced fellows from the European Partner laboratories in Moscow; (ii) short missions and transfer of knowledge by both young and more experienced INEOS team members to the other Partner laboratories; (iii) participation of INEOS team members to the Annual Meetings and workshops organised by the Network.
The Tutor and the Task Co-ordinators will share the responsibility to advice the young researchers on their Career Development Plan.  The young researchers will be advised on job opportunities in both the academic and industrial research settings, as well as on funding opportunities in case of independent academic research, such as the Marie Curie Reintegration grants. The ESR and ER are expected to co-author at least one scientific paper or patent per year, to attend at least 1 international conference per year, and participate and give oral progress reports at the annual Network meetings. The network will organise Workshops every two years. A first workshop should be held on the occasion of the mid-term review of the project and a second one at the end of the fourth year.  
Language courses are available at most institutions. English is obviously the international language of science.  In addition, researchers will be encouraged to take courses of the language spoken in the hosting Country, if different than English.  All participating institutions offer coherent training programmes for both early stage and more experienced researchers. These include advanced courses, e.g. NMR spectroscopy (YoK, CNR-ICCOM, ual, UD), molecular modelling (UAB), synthesis, characterisation and properties of dendrimers and metalladendrimers (CNRS-LCC/a), electrochemistry and EPR spectroscopy (CNRS-LCC/b), mass spectrometry (UD), crystallographic methods for structure resolution (UAL), solar energy and photocatalysis (UAL), photochemistry (YoK), safety (IST), and courses on scientific writing.  YoK runs a Master’s degree course in Clean Chemical Technology and many lectures on that course will be available to network members. Training activities on non scientific topics will include: language courses, courses on safety, hygiene and environmental regulations, frequent oral presentations at group meetings and departmental seminar programmes improving communication skills. The development of transferable skills is integrated into the graduate training programme at YoK. Students at the University of York are introduced through a workshop to a Postgraduate Skills Record (a booklet designed by the Royal Society of Chemistry) that allows them to assess the development of their Personal and Transferable Skills. This booklet will be available to all the ER and ESR researchers of the AQUACHEM consortium. Students will be encouraged to attend a range of transferable skills courses on topics such as 'Project Planning and Management', 'Intellectual Property', 'Commercialisation of Science' and 'The Impact of Environmental Legislation'. Courses on scientific ethics are already available at YoK in adjacent disciplines and are under development in Chemistry. Training in issues dealing with intellectual property and patenting rules will also be carried out by each Partners every time that the recruited researcher will be involved in a project with industrial participation or aimed at the development of patentable products and processes.  
The ESR and ER researchers will be allowed to carry out, when possible, short training appointments in industrial laboratories with the assistance of senior researchers of the industry staff. Besides the exposure to specific working techniques, this experience will permit the young scientists to gain knowledge of industrial processes, to learn first hand about the importance of sustainable development by clean (selective) processes and products, the use of low-cost feedstock and catalysts, etc. It is notable that a small enterprise actively carrying out chemical research in the field (DSM-Deretil; Research Institute, Almería, Spain, http://www.dsm.com/deretil/), as well as two larger chemical companies (Shell Chemicals and Rhodia Recherche), have expressed interest in our Network’s activities.

The positions will be advertised by all available media, including: AQUACHEM Network web site, personal web sites of each individual participants, announcements on professional placement web sites, mass E-mailings to selected lists of academic researchers working in research areas loosely connected to green chemistry, mass E-mailings to appropriate address listings of members of National Chemical Societies in Europe and in the US.  In the experience of the Network participants, the above methods will certainly generate several applications for each available position.  
2.  
Management

The co-ordinator of the AQUACHEM project will take the overall responsibility for the management and co-ordination of the program. However, the organisation of the project will be based upon an intersecting distribution of responsibilities within the partners (See chart). In this regard, six task co-ordinators are assigned to each of the six project tasks. This organisation is intended (i) to manage the project as a small cluster of integrated programs, (ii) to promote direct communications between the teams concerning key areas of the project without excessive centralisation through the project co-ordinator, (iii) to facilitate the control of the project progress, and (iv) to help the co-ordinator for gathering/dissemination of results/information inside the Network.  The Task co-ordinators will also take the responsibility of monitoring the flow of early stage and experience researchers who are assigned or participate in the research activities of their task. In this way, the scientific management of the Network will be collegial and communication between the teams will not emphasise the usual vertical communication between the team leaders and the co-ordinator. Similarly, this intersecting distribution of responsibilities will allow better monitoring and reporting of the overall progress on the basis of regular contacts with the "task co-ordinators" and partners through Intranet (see below), e-mail and fax. These extremely fast means of communication will allow the co-ordinator to forward rapidly to the partners all information from EC and, conversely, to collect all information from the partners at the request of EC.A dedicated WWW-homepage will facilitate communication between partners and results dissemination. A link restricted to the Network participants (Intranet) will post research results, confidential reports, etc. for communication between partners and transmission to the European Commission. 
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The co-ordinator will establish the organisation of regular meetings between the participants, which will be locally organised in turn by the different Network members. Five meetings of the project will be held by the end of months 1 (kick-off meeting), 12, 24, 36 and 47. Each meeting will include oral reports of each participant progress and immediate research plans, a review of the project tasks advancement, and an assessment of the specific targets and task sharing for the subsequent project period. The final meeting will be aimed at summarising the results obtained during the 4 years and at drawing conclusions. After each meeting, the co-ordinator will collect the research reports from the different partners and will prepare a general report on the project development, which will summarise the state of the research project. The third meeting, after 24 months, will be considered as the mid-term milestone assessment clause where a relevant attention will be paid to define the milestones for the second time period and to evaluate the exploitation perspectives of the most important deliverables. If necessary, the project program for the remaining part of the contract will be reoriented/redefined. 

Joint research publications in the open international literature and communications at the most important conferences and workshops and explicitly showing the authorship of the young researchers financed by the EC, will be a constant target of the Network research endeavour. Inventions, whether patentable or not, know-how and any other industrial property arising from the implementation of the research project shall belong to a party if made or acquired solely by officers or employees of that party and shall be jointly owned by more parties if made or acquired jointly by officers or employees of those parties. Protection of knowledge through patents will be considered whenever the acquired knowledge has potential applications.  Some of the participating institutions (CNR-ICCOM, CNRS-LCC, YoK, UAL) have an Industrial Liaison Office that has expertise in IPR and will pay the initial costs of registering patents for projects from the corresponding institutions.

Once the funds have been received from EC, the coordinator will distribute them to the partners’ institutions according to the financial documents approved by EC. In the course of the annual meetings, the budget will be controlled and reallocation decided if needed, according to the relevant contract clauses. Each partner’s organization will take care to pay the recruited researcher monthly and to cover all the other eligible expenses. The coordinator institution has already coordinated several international projects and possesses all the administrative facilities and technical skills to assure punctual transfer of the due payments to the partners’ organizations as soon as each allowance will be received from EC.  A small contribution is requested to hire temporary administration staff in order to manage the Network funds and prepare the administrative reports (including audit certificates) for the Network co-ordinator.
Gender aspects: A policy of equal opportunities between women and men in the recruitment of both early-stage and experienced researchers will operate.  The Network Co-ordinator and the Task Co-ordinators will monitor the hires of early stage and experienced researchers and the flow will be reviewed at every annual meeting.  Should a major imbalance be noted, a corrective bias in the subsequent hires will be enforced.  

Ethical problems are so far not relevant to the project. However, much
attention will be dedicated to this issue (including relevant training to
researchers), following the current debate that is developing on ethical
problems in general.

3. Indicators of Progress and Success

3.1 Quantitative indicators of progress and success to be used to monitor the project

3.1.1
Research Activities

In reporting on progress with the implementation of its research plan the network will provide information and data on the following:

1- Organisation of or participation in and presentations to external specialist workshops and conferences (number; dates, places, title of event). 

2- Individual and joint publications, directly related to the work undertaken within the contract (number and references). 

3- Patents or patent applications directly related to the contract (number, references) 

4- Development of new scientific and/or industrial collaborations (number, references) 

3.1.2
Training / Transfer of Knowledge (ToK) Activities

In reporting on progress with the implementation of its training and ToK Plan the network will provide information and data on the following:

1- The rate of recruitment of ESR and ER for each participant and for the network as a whole (ratio person-months filled/offered) the nature and justification for adjustments, if any, to the original overall number of person-months of ESR and ER as well as to the breakdown of this overall

number among the participants (see table contained in Part C)

2- The name, nationality, time and duration of each individual appointment. 

3- The number, names and level of involvement of senior researchers directly associated with the tutoring/supervision of the recruited ESR or ER, at each participant.

4- The number of ESR that are expected to present their PhD thesis and when

5- The number and place of the short visits and secondments, placements in company premises undertaken by each individual ESR or ER either within or outside of the network

6- The number of visits of the ESR and ER to their home scientific community

7- Attendance at network meetings by the ESR and ER (number, names, place, date)

8- Participation in and presentations to workshops and conferences by ESR and ER (number, names, place, date)

9- Organisation of training events (e.g. courses followed, schools, training workshop/seminar, presentations given at group meetings and departmental seminars, hands-on training session on specialised instrument/techniques) at individual participant sites (number, attendees' names, place, date)

10- Organisation of network-wide training events (number, attendees' names, place, date)

12- Number of internet tutorial and computer based training courses developed/used

13- Number, place, purpose of any meeting (e.g. workshop) organised by the ESR or ER themselves

14- Specialist exchange among network teams (number, nature, when, where, who).

15- Visit of Senior Researchers from inside and/or outside the network (number, name, place and time of visit)

3.2 Qualitative indicators of progress and success to be used to monitor the project

3.2.1
Research Activities

In reporting on progress with the implementation of its research plan the network will provide information and data on the following:

1- General progress with research activities programmed at individual, participant team and network level

2- Highlights on more particularly innovative developments (novel concepts, approaches, methods and / or products)

3- Citation index for individual and joint publications directly related to the work undertaken within the contract

4- Expected scientific / technological breakthroughs

5- Overall progress and possible problems encountered with individual work packages and/or network-wide research activities

6- Nature and justification for adjustments, if any, to the original research work plan and/or timetable

7- Progress on cross interaction among disciplines represented within the network

8- Progress on efficient interaction between academic and industrial partners 

9- Access to / use of state-of-the-art infrastructure and facilities

3.2.2 Training / Transfer of Knowledge (ToK) Activities

In reporting on progress with the implementation of its training plan and ToK the network will provide information and data on the following:

1- General progress with training and ToK activities programmed at individual, participant team and network level (type of guidance, supervision, coaching or mentoring in place to support ESR and ER)

2- Highlights on the development of more particularly innovative approaches to training and ToK (e.g. specific training packages of network-wide relevance)

3- Highlights on the exploitation of the "complementarities" between network participants with respect to training and ToK

4- Nature and justification for adjustments, if any, to the original training / ToK plan and/or timetable (e.g. opportunities for new collaborations regarding training activities)

5- Career development plans as elaborated by the ESR and ER involved in the project

6- Career development opportunities/prospects for ESR and ER involved in the project

7- Acquisition of complementary skills such as communication, language skills, computer skills, project management, ethics, team building, etc.

8- Achievements regarding the training/ToK on specialised instruments/equipment's

9- Level of satisfaction of the trainees (e.g. as expressed in response to questionnaires)
3.2.3
Management

In reporting on progress with its management the network will provide information and data on the following:

1- Effectiveness of the "internal" communication and decision making between the co-ordinator, team leaders, supervisors, down to the ESR and ER, including feedback processes

2- Effectiveness of the communication between the network and the Commission Services (frequency, efficiency, timely feedback), particularly regarding the conformance with contractual provisions and the implementation of contingency plans where needed

3- Effectiveness of network communication with industrial and other stakeholders (anticipation of outcomes and possible end-users interests, contract preparation, follow-up and contractual agreement where appropriate)

4- Network self-assessment through benchmarking activities (exchange of best practices among participants and/or development of ad hoc performance indicators regarding cost management, staff selection, measurement of research/training/ToK outputs, young researchers’ involvement, etc.)

5- Overall quality and efficiency of the "external" communication strategy of the network (Cordis; personal, team and network web sites updates; newsletters; etc.)

6- Effectiveness of the recruitment strategy of the network in terms of equal opportunities (including gender balance) and open competition at international level

7- Management of intellectual property and commercialisation of network research output.
PART C: CONTRACT DELIVERABLES (from A4b of the CPF forms)

	Proposal Number 
	503864
	Proposal Acronym 
	AQUACHEM


	Overall Indicative Project Deliverables by Participant

	Participant No. 
	Early Stage Researchers

(< 4 years)


	Experienced Researchers

(4-10 years – RTN only)

	
	Full-time Person Months
	Indicative number of researchers
	Stipend (%)
	Full-time Person Months
	Indicative number of researchers
	Stipend (%)

	1. CNR-ICCOM
	18
	1
	100%
	12
	1
	0%

	2. CNRS-LCC
	54
	2
	0%
	16
	2
	0%

	3. UD
	0
	0
	0%
	36
	3
	0%

	4. HUJI
	0
	0
	0%
	24
	2
	0%

	5. UAB
	0
	0
	0%
	24
	3
	0%

	6. YoK
	0
	0
	0%
	18
	1
	0%

	7. UEN
	24
	1
	100%
	12
	1
	0%

	8. IST
	36
	3
	100%
	9
	1
	0%

	9. UAL
	33
	2
	100%
	10
	1
	0%

	10. INEOS
	0
	0
	0%
	0
	0
	0%

	Sub-Total
	165
	9
	
	161
	15
	


PART D: COMMUNITY CONTRIBUTION (from A5b of the CPF forms)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Proposal Number3
	503864
	
	
	Proposal Acronym4
	
	
	
	AQUACHEM
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Overall Maximum Community Contribution53
	
	
	
	
	
	
	
	
	
	

	Year42
	Eligible expenses for the activities carried out by the researchers
	Eligible expenses related to the activities of the host organisations
	
	
	

	
	A
	Transnational Mobility
	D
	E
	F
	G
	H
	
	I
	
	
	

	
	Monthly
	B
	C
	Career
	Participation
	Research/
	Management
	Overheads
	
	Other types of
	Maximum EC
	
	

	
	Living
	Travel
	Mobility
	Exploratory
	expenses of
	training/transfer
	and Audit
	
	
	eligible
	contribution
	
	

	
	Allowance
	Allowance
	Allowance
	Allowance
	the eligible
	of knowledge
	Certification
	
	
	expenses
	
	
	

	
	
	
	
	
	researchers
	
	
	
	
	
	
	
	

	
	Costs
	Costs
	Costs
	Costs
	Costs
	Costs
	Costs
	Costs
	
	Costs
	
	
	

	
	(in euros)
	(in euros)
	(in euros)
	(in euros)
	(in euros)
	(in euros)
	(in euros)
	(in euros)
	
	(in euros)
	(in euros)
	
	

	1
	148049,71
	7500,00
	39141,30
	14000,00
	22400,00
	75502,50
	24808,00
	28836,00
	
	0,00
	360237,51
	
	

	2
	345144,50
	10000,00
	87158,40
	6000,00
	50000,00
	97401,50
	33898,00
	53697,00
	
	0,00
	683299,40
	
	

	3
	269223,64
	10000,00
	70729,20
	4000,00
	41600,00
	95256,50
	33898,00
	45159,00
	
	0,00
	569866,34
	
	

	4
	103703,54
	5500,00
	28430,15
	0,00
	16400,00
	74563,50
	33898,00
	23097,00
	
	0,00
	285592,19
	
	

	5
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	
	0,00
	0,00
	
	

	6
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	0,00
	
	0,00
	0,00
	
	

	 Total
	866121,39
	33000,00
	225459,05
	24000,00
	130400,00
	342724,00
	126502,00
	150789,00
	
	0,00
	1898995,44
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� The CNRS-LCC unit will consist of two distinct teams. In this annex they will be indicated as CNRS-LCC/a and  CNRS- LCC/b, respectively.





