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PRODEX Programme – Annex 2

Project Proposal

This file has to be sent back by electronic means to the responsible administrator at BELSPO (listed in section 3 of the Guidelines). 

A. Identification of the proposal.

	· Title/Acronym: Self-assembly of hierarchical catalysts and adsorbent materials from Ordered Liquid Phases (OLPs). 
· Abstract (max. 5 lines): This project did and will give further insight into the molecular mechanisms of silica structuring to enable design and synthesis of tailor made materials. Zeolite formation has been discovered to be based on self-organization of nanoscopic precursor species. Shear and convection have strong effect on this self organization process, which only can be studied under microgravity conditions.
· Identification of the overall project selected/endorsed by ESA (AO or none): AO-2004-027: Self-assembly of hierarchical catalysts and adsorbent materials from Ordered Liquid Phases (OLPs); rated Excellent in Peer Evaluation. 
· Possible role of the BPI and of each Bco-I in the overall project selected/endorsed by ESA (PI, co-I, other): 
BPI: C. Kirschhock and J. Martens, COK (Centre for Surface Chemistry and Catalysis), KU Leuven: Overall co-ordination of project. Physico-chemical characterization of OLPs and related development of the necessary hardware. Optimization of flight-sample and post-flight data analysis. 
Bco-I: J. Vermant, CIT (Division of applied rheology and polymer processing, Department of Chemical Engineering), KU Leuven: Rheological characterization of OLPs. Development of a model system for aggregation of sticky ellipsoidal nanoparticles. Development of hardware for combined in-situ DLS and rheological studies. Post-flight data analysis. 
Bco-I: G. Nicolis and P. Gaspard, CENOLI (Centre for nonlinear phenomena and complex systems), ULB: Theoretical description of OLPs.

Bco-I: S. Bals, G. Van Tendeloo, EMAT (Electron Microscopy for Materials Science), University Antwerp: Transmission electron microscopy and tomography to characterize zeolite precursors used for microgravity experiment.
Bco-I: V. Van Speybroeck, M. Waroquier, CMM (Center for Molecular Modeling), University Gent: Molecular Modeling of zeolite precursor aggregation on molecular level.

· Satellite(s) or flight opportunity(ies) (+ date(s)) selected/endorsed by ESA: Foreseen ISS experiment during 2011
· Starting and ending dates of 

· the overall project selected/endorsed by ESA: 01/01/2006 – TBD.
· the requested PEA: 01/01/2009 – 31/12/2011.
· Previous PEA’s (reference, starting and ending dates, budget) related to the project: 
Projects carried out at COK, KU Leuven on the topic of “Crystallization of Zeolites”: 
ESA Prodex 5 No. 040711: 05 February 1999 - 31 December 2001; 98.982€
ESA Contract No. 14765/00/SFe(IC): 01 September 2000 - 31 December 2002; 198.315€

PEA No. C 90032: 01 January 2002 - 31 December 2002; 99.157€

PEA No. C 90032: 01January 2003 - 31 December 2003; 99.157€

PEA No. C90032 CN1 (01 January 2004 - 31 December 2004); 79.157€

Projects carried out at CENOLI, ULB on the topic of “Thermodynamic and statistical physical aspects of protein crystallization”: 
PEA No.   90043    01 January 2002 to 31 December 2002; 157.000€
PEA No. C90105   01 January 2003 to 31 December 2003; 135.575€

PEA No. C90105   01 January 2004 to 31 December 2004; 84.000€

· Field of research (see annex 1):
· general (LS&PS/EO/SS): LS&PS. 
· PRODEX Pole(s) of Expertise (if any): Fluid Dynamics and Surface Tension, Multi-Component Systems; Materials Designed from Fluids. 


B. Identification of the BPI. 

The requested information refers to the Belgian coordinator of the PRODEX proposal. 

	· Title, surname, name: Professor Christine E.A. Kirschhock and Professor Johan A. Martens
· Institute/University: KU Leuven 

· Department/Laboratory: Centre for Surface Chemistry and Catalysis
· Address: Kasteelpark Arenberg 23 ; B-3001 Leuven

· Tel.: +32 16 321610
· Fax: +32 16 321998
· E-mail: Christine.kirschhock@biw.kuleuven.be

· Website: http://www.biw.kuleuven.be/ifc/cok/home.htm

Institute/Department Head, endorsing this Project Proposal: Professor Johan Martens


C. Identification of the Bco-I’s (if applicable). 

Only Bco-I’s requesting PRODEX support should be mentioned here. Each of these Bco-I’s must present a financial plan (see section H). 

	· Title, surname, name: Professor Jan Vermant

· Institute/University: KU Leuven

· Department/Laboratory: CIT, Division of applied rheology and polymer processing

· Address: De Croylaan 46, B-3001 Leuven
· Tel.: +32 16 322676
· Fax: +32 16 322991
· E-mail: Jan.vermant@cit.kuleuven.be

· Website: http://www.cit.kuleuven.ac.be/cit/ltrk/jv.html
· Title, surname, name: Professor Gregoire Nicolis and Professor Pierre Gaspard

· Institute/University: Universite Libre de Bruxelles (ULB)

· Department/Laboratory: Centre for nonlinear phenomena  and complex systems

· Address: Blvd du Triomphe, Campus Plaine CP231, 1050 Bruxelles, Belgium.

· Tel.: +32-2-650.57.35

· Fax:  +32-2-650.57.67

· E-mail: gnicolis@ulb.ac.be, vbasios@ulb.ac.be

· Website: http://www.ulb.ac.be/cenoliw3

· Institute/Department Head, endorsing this Project Proposal: Professor Pierre Gaspard

· Title, surname, name: Professor Veronique Van Speybroeck and Professor Michel Waroquier

· Institute/University: University Gent (UG)

· Department/Laboratory: Center for Molecular Modelling

· Address: Proeftuinstraat 86, 9000 Gent, Belgium.

· Tel.: +32-9-264.65.59
· Fax:  +32-9-264.65.60
· E-mail:Michel.Waroquier@UGent.be,Veronique.VanSpeybroeck@UGent.be
· Website: http://molmod.ugent.be/cmm/wiki/
· Institute/Department Head, endorsing this Project Proposal: Professor Michel Waroquier

· Title, surname, name: Professor Sara Bals and Professor Gustaaf Van Tendeloo
· Institute/University: University Antwerp (UA)

· Department/Laboratory: EMAT
· Address: Groenenborgerlaan 171, 2020 Antwerp, Belgium.

· Tel.: +32-3- 265.32.62
· Fax:  +32-3-265.32.57
· E-mail: staf.vantendeloo@ua.ac.be, sara.bals@ua.ac.be
· Website: http://www.emat.ua.ac.be/index_frames.htm

· Institute/Department Head, endorsing this Project Proposal: Professor Gustaaf Van Tendeloo
· Title, surname, name: Professor Frank Dubois
· Institute/University: Universite Libre de Bruxelles (ULB)

· Department/Laboratory: Microgravity Research center (MRC) – CP 165/62
· Address: Av. F. Rooselvelt 50, 1050 Bruxelles, 
· Tel.: +32 (0)2 650 42 83
· Fax:  +32 (0)2 650 31 26
· E-mail: frdubois@ulb.ac.be
· Website: http://www.ulb.ac.be/polytech/mrc/
· Institute/Department Head, endorsing this Project Proposal: Prof. F. Dubois


D.  Project description and motivation.  (max. 2 pages)

· Description of the problem tackled; 

· Justification of the relevance of the methods and approaches in the light of the state of the art of the research. Describe the innovation contained in the proposal; 

· Justification of the timeliness and urgency of the project: strategic importance of the proposed research with respect to the objectives of the mission or overall project the proposal ties in with and with respect to international competition on this specific research subject; 

· Justification for the need of space-based compared to ground-based data. 

	INTRODUCTION

Zeolites and ordered porous materials in general play an important technical role in sustainable industrial development. The main applications of zeolites and related material are situated in the field of catalysis, molecular separations and ion exchange. In view of the proliferation of applications, there is a continuous need for new porous materials. The goal of this project is to improve insight into the molecular mechanisms of structuring of silica with the help of organic templates to enable finally the design and synthesis of tailor made porous materials. The proposal is motivated by the discovery under conditions of microgravity, that the formation of a particular zeolite (Silicalite-1) involves self-organization processes within Ordered Liquid Phases (OLP's) of nanoscopic precursor species. Even though a full understanding of this phenomenon is not yet achieved, attempts to manipulate OLPs during synthesis already led to the development of two new classes of hierarchical materials promising high potential for applications in catalysis and molecular separation. 

CHARACTERISATION OF OLPS AND DIAGNOSTIC MEANS

Previous successful experiments under microgravity were at the origin of this proposal. The formation process of silicalite-1 investigated in sounding rocket experiments (MAXUS 4 and 5) and during the Odissea mission in 2002. An unexpected strong retarding effect of microgravity on aggregation of nanosized species into zeolite material was observed. This observation in microgravity has led to the discovery of large, precursor enriched domains playing an important role during zeolite formation. Since this indirect discovery of OLPs thanks to experimentation under microgravity, a Topical Team of several European research groups has been established. The ongoing, concerted research effort of our team led to a deeper understanding of the complex nature, ordering, and aggregation of zeolite precursor species  under normal gravity conditions. The most promising state of the art diagnostic tools for our study were identified. The best way to continuously monitor development and evolution during zeolite crystallisation is a non-invasive combination of Dynamic Light Scattering (DLS) and recording of rheological properties of the fluid. To this end high frequency tools for in-situ rheology will need to be further developed and the method theoretically underpinned. These studies are best complemented with other diagnostics like Small Angle X-ray and Neutron Scattering (SAXS, SANS), NMR- , and IR-spectroscopy. Structure analysis of the finally obtained solid product allows quality assessment of the obtained materials. Theoretical modelling of inter-particle forces on different levels of interaction best complements combination of this experimental analysis. This allows the understanding of the self-organization on molecular scale as well as nano- and macroscale.

A 3D mapping of distribution of particles and concentration fluctuations on nanoscale is expected to directly link global and local observation. Currently, possible means to achieve this are explored.

MICROGRAVITY RELEVANCE AND NECESSARY DIAGNOSTICS

In previous microgravity studies it was found that microgravity appears to strongly favour the ordering and aggregation processes within the precursor suspensions. Microgravity conditions offer a unique environment where these effects can be studied in detail. The proposed microgravity experiments are essential to gain information on the rheological parameters affecting the formation of porous silicas. Ground research was necessary to understand the mechanisms of ordering and self-organisation in more detail.  Over the last few years the Topical Team developed a vastly improved model for zeolite nucleation and growth. However, the role and strong influence of microgravity is still poorly understood. The accumulated expertise ensures upcoming microgravity experiments can be adequately prepared on short term. As optimum state of the art diagnostic means for in-situ microgravity studies emerged the already mentioned combination of rheological measurements combined with DLS monitoring.

While the described diagnostic strategy allows the observation of global properties like size and state of aggregation as well as onset and termination of the actual crystallisation process a spatial resolution of the ordered and precursor-enriched zones in the solution up to now is impossible. The small size of the involved species and the transient nature of concentration fluctuations which eventually result in nucleation and self-organization has up to now impeded their direct local observation. A direct 3D mapping of nanosized species in-situ is very important to link the global observations made by DLS to local processes. Development of diagnostic means to achieve this feat are currently the frontiers of research. The Topical Team has identified this development as an important medium term milestone.

The final combined goal of ground based and microgravity experiments is to master the formation and behavior of specific zeolite precursors as well as their relation to the structures of the materials obtained from them. 

During a scientific exchange of different microgravity users a noteworthy similarity between self-organization processes observed during protein crystallization and the above described systems emerged. From current experiments it became obvious that protein molecules first interact in the liquid phase before settling on a growing crystal. The similarity of the observations in those at first sight unrelated areas of research encouraged us to start a co-operation to probe for a general picture for the concept of self-organization during solidification from the liquid phase. The same diagnostic requirements apply for the study of self-organization of silica-nanoparticles and proteins, which makes a successful co-operation even more apparent. 

TASKS

Asides an ongoing concise study of the behaviour of zeolite formation and the identification of parameters affecting the self-organization, suitable experimental environments have to be developed.

Task 1. Gaining experience in handling OLPs

A detailed experimental analysis of the impact of different parameters like, for example, temperature, dilution, chemical additives, and pH on the formed OLPs and their tendency to solidify had already been performed. In view of the planned microgravity experiments under reduced shear and flow conditions, emphasis will now be placed on the on-ground study of the effect of increased shear and flow on OLPs. Furthermore special attention will be directed to the effect of varying gravity levels during self-organization. In this context in-situ DLS measurements in a centrifuge and during a parabolic flight mission are foreseen. These studies will not only allow the definition of the most promising experimental conditions for microgravity experiments but will also support development and refinement of a theoretical model of the observed self-organization process. Main focus will be on the in-situ study of the samples with DLS and measurements of the rheological properties using high frequency techniques. Further spectroscopic means will be used to complement and verify the results. For the development of a model accounting also for shear and convection synthesis of the experimental results with theoretical insights on moleculr level is necessary. The combination of experiment and Molecular Dynamic and Forcefield calculations has proven to be an excellent strategy and will be further exploited.

Task 2. Development of experimental environment 

The team of scientists involved in this project is combined from experts in material sciences, rheology, DLS, sensor development and hardware development. Previous studies led to the development of an exceptionally robust non invasive viscosity sensor which now is ready to be implemented in a cell allowing the simultaneous measurement of rheological and optical properties in a non-invasive manner. Once developed the in-situ cell now has to be calibrated and tested carefully to ensure its functionality. As a second step we developed a shear and flow cell withstanding the harsh chemical demands of the clear solutions. These in-situ cells not only are tools to characterise the studied systems with regard to the proposed microgravity experiments, they will will serve as important means to translate the stated scientific requirements for these experiments into a technical solution. In the development of microgravity hardware foreseen by ESA the experience gained during the development of the in-situ cells will be indispensable. Currently the actual development of the flight hardware is expected to start in spring 2009. Only close collaboration between industry and our team will ensure the optimum experimental conditions during the microgravity and reference experiments.

Parallel to the short term preparation of the upcoming experiment the need to develop new diagnostic means to map 3D distribution of nanospecies will be addressed on medium term. A close interaction between team members familiar with the studied solutions and the experts in advanced optical diagnostics will allow pushing the frontiers of 3D imaging.


E. Description of the scientific team(s).  (max. 2 pages per team)

For each scientific team collaborating in the proposal, requesting or not PRODEX support, the following information is required (for the international collaborations, fewer details are expected): 

· Identification of the team; 

· List of the team members involved in the project; 

· Role, contribution and specific know-how, experience and suitability for the assigned activity;

· Funding sources and amounts available outside PRODEX for the requested project;

· Research projects in the area under consideration (with or without PRODEX support) for the last 5 years;

· Most important relevant publications in peer reviewed international journals, and invited talks, of the last 5 years (give title and bibliography);

· Relevant international organizations, networks, working groups, ... the team belongs to;

· Mid-term R&D strategy with regard to this project (i.e. for the period after the end of the requested project). 
	The team studying OLPs consists of 9 European research groups. The following scheme indicates the individual function of each team member
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· Identification of the team: 
COK - Centre for Surface Chemistry and Catalysis

Department for Microbial and Molecular Systems M2S 

Faculty of Bioscience Engineering

Katholieke Universiteit Leuven, KUL

Belgium

· List of the team members involved in the project:

Project Coordinator: Prof. C. Kirschhock, Prof. J. Martens

3 Postdoc students (2 financed by COK/CIT, 1 financed by Prodex)

2 PhD students (financed by COK /CIT)

· Role, contribution and specific know-how, experience and suitability for the assigned activity:
Asides the co-ordination of the whole research project the role of the COK is central with regard to the integration of the scientific results of the individual groups. The major role of the COK will be the detailed study of parameters affecting OLPs and the testing and calibration of the sample environments. During the development of in-situ DLS and viscosity cells the COK will take over a supportive function ensuring the cells are suitable for the study of the investigated systems.

In its previous microgravity campaigns the COK was the first group to discover OLPs during the self-organization of nanoscopic zeolite particles. A wide range of expertise in the fields of material synthesis and characterization is available. The COK is leading in the study of zeolite formation from molecular to macroscopic scale and has proven to be able to transfer scientific know-how into the design of functional materials.

· Funding sources and amounts available outside PRODEX for the requested project;

The infrastructure of the COK and international contacts with groups specialized on specific diagnostics will be made available for the proposed project.
Two full Postdoc positions and 2 PhD positions financed by COK are reserved for the analysis of zeolite formation directly supporting the microgravity project.
· Research projects in the area under consideration (with or without PRODEX support) for the last 5 years;

-Projects supported by Prodex

            J. Martens (PI)

Crystallization of Zeolites

ESA Prodex 5 No. 040711: 05 February 1999 - 31 December 2001

ESA Contract No. 14765/00/SFe(IC): 01 September 2000 - 31 December 2002

PEA No. C 90032: 01 January 2002 - 31 December 2002

PEA No. C 90032: 01January 2003 - 31 December 2003

PEA No. C 90032 CN1 01 January 2004 - 31 December 2004 

       PEA No. C90229, 01 January 2006 -31 December 2008

Selected, running projects without Prodex participation and directly related to microgravity project
Tailor-made nanostructures for functional coatings and electronics. IWT;  210.750Euro

Particle size reduction in magnetic fields to enhance solubility of poorly soluble drugs.IDO; 500.000Euro

Physico-chemical determinants of toxicity: A rational approach towards safer nanostructured materials. Belspo; 97.493Euro
Study of the formation process of hierarchical silica materials and carbon nanotubes with an integrated Raman spectroscopy-X-ray diffraction combination.FWO; 561.964Euro

Model based synthesis of new zeolite materials via aggregation of precursors and nanoparticles.FWO; 100.700Euro
Synthesis and characterization of a new family of hierarchical materials obtained by stapling and coupling of zeolitic nanoblocks into three dimensional masaic structures. 108.470Euro

· Most important relevant publications in peer reviewed international journals

n-Alkane Hydroconversion on Zeogrid and Colloidal ZSM-5 Assembled from Aluminosilicate Nanoslabs of MFI Framework Type.
Aerts A., Huybrechts W., Kremer S.P.B., Kirschhock C., Theunissen E., Van Isacker A., Denayer J.F., Baron G.V., Thybaut J., Marin G.B., Jacobs P.A., and Martens J.A. 
Chem. Commun., 1888-1889, 2003

Combined in situ 29Si NMR and Small-Angle X-Ray Scattering Study of Precursors in MFI Zeolite Formation from Silicic Acid in TPAOH Solutions.
Houssin C.J.Y., Kirschhock C., Magusin P., Mojet B.L., Grobet P.J., Jacobs P.A., Martens J.A., and Van Santen R.A.
Phys. Chem. Chem. Phys., 5, 3518-3524, 2003

Microgravity Effect on the Self-Organization of Silicalite-1 Nanoslabs.
Kremer S.P.B., Theunissen E., Kirschhock C., Jacobs P.A., Martens J.A., and Herfs W.
Adv. Space Res., 32, 259-263, 2003

Tiling Silicalite-1 nanoslabs into 3D mosaics. 

Kremer S.P.B., Kirschhock C., Aerts A., Villani K., Martens J.A., Lebedev O.I., and Van Tendeloo G. 
Adv. Mater, 15, 1705-1707, 2003
Decane Hydroconversion on Bifunctional Zeogrid and Nano-Zeolite Assembled from Aluminosilicate Nanoslabs of MFI Framework Type.
Aerts A., Van Isacker A., Huybrechts W., Kremer S.P.B., Kirschhock C., Collignon F., Houthoofd K., Denayer J.F., Baron G.V., Marin G.B., Jacobs P.A., and Martens J.A. 
App. Catal. A-Gen., 257, 7-19, 2003; App.Catal.A-Gen., 267(1-2), 273-273, 2004 

Ultra-thin Zeolite Films Prepared by Spin-Coating - Silicalite-1 Precursor Solutions. 
Doyle A.M., Rupprechter G., Pfander N., Schlögl R., Kirschhock C., Martens J.A., and Freund H.-J.  
Chem.Phys.Lett., 382 (3-4), 404-409, 2003

On the TEM and AFM Evidence of Zeosil Nanoslabs Present during the Synthesis of Silicalite-1.
Kirschhock C., Liang D., Aerts A., Aerts C., Kremer S.P.B., Jacobs P.A., Van Tendeloo G., and Martens J.A.
Angew. Chem.-Int. Edit.,43, 4562-4564, 2004

European facilities for the study of zeolite formation on the International Space Station. 
Kirschhock C, Kremer S, Jacobs P, Pletser V, Minster O, Kassel R, Preud'homme F, Martens J  
RECENT ADVANCES IN THE SCIENCE AND TECHNOLOGY OF ZEOLITES AND RELATED MATERIALS, PTS A - C    Book Series: STUDIES IN SURFACE SCIENCE AND CATALYSIS    Volume: 154    Pages: 139-146    Part: Part A-C    Published: 2004  

Synthesis and Characterization of Zeogrid Molecular Sieves. 
Kremer S.P.B., Kirschhock C., Jacobs P.A., and Martens J.A.   
C. R. Chimie, 8, 379-390, 2005

Design and Synthesis of Hierarchical Materials from Ordered Zeolitic Building Units. 
Martens J.A., Kirschhock C., Kremer S.P.B., Vermant J., Van Tendeloo G., and Jacobs P.A.
Chem.-Eur. J., 11, 4306-4313, 2005

Zeotile-2: a Microporous Analogue of MCM-48.
Kremer S.P.B., Kirschhock C., Aerts A., Aerts C., Houthoofd K., Grobet P.J., Jacobs P.A., Lebedev O.I., Van Tendeloo G., and Martens J.A.   
Solid State Sci., 7, 861-867, 2005

Unexpected Microgravity Effect during the Self-Organization of Silicalite-1 Nanoslabs.
Kirschhock C., Kremer S.P.B., Theunissen E., Jacobs P.A., Vermant J., Pauwels B., Lebedev O.I., Van Tendeloo G., and Martens J.A.   
Microgravity Sci. Technol., 74-78, 2005

Characterization of COK-5, member of a new family of zeolites with multiple channel systems. 
Kirschhock C.E.A, Bons A.-J., Mertens M., Ravishankar R., Mortier W. and Martens J.A.
Chem. Mat.,17, 5618-5624, 2005

Template-Aluminosilicate Structures at the Early stages of zeolite ZSM-5 Formation. A combined Preparative, Solid-state NMR, and Computational Study.
Magusin P.C.M.M., Zorin V.E., Aerts A., Houssin C.J.Y., Yakovlev A.L., Kirschhock C.E.A., Martens J.A. and van Santen R.A.   
J. Phys. Chem. B, 109,22767-22974, 2005

Prototype High-Throughput System for Hydrothermal Synthesis and X-Ray Diffraction of Microporous and Mesoporous Materials. 
Caremans T.P., Kirschhock C.E.A., Verlooy P., Paul J.S., Jacobs P.A. and Martens J.A.
Micropor. Mesopor. Mat., 90, 62-68, 2006

Prospects of Transition Interface Sampling Simulations for the Theoretical Study of Zeolite Synthesis. 
Van Erp T., Caremans T., Kirschhock C., and Martens J.A. 
Phys. Chem. Chem. Phys., 9, 1044-1051, 2007

Formation of ZSM-22 zeolite catalytic particles by fusion of elementary nanorods.
Hayasaka K, Liang D, Huybrechts W , De Waele BR, Houthoofd KJ , Eloy P, Gaigneaux EM, van Tendeloo G, Thybaut JW, Marin GB, Denayer JFM, Baron GV, Jacobs PA, Kirschhock CEA, Martens JA
Chem.-Eur. J., 13(36), 10070-10077, 2007

Aggregation state effects in shape-selective hydroconversion
Narasimhan CSL, Thybaut JW, Denayer JF, Baron GV, Jacobs PA, Martens JA, Marin GB
Ind. Eng. Chem. Res., 46(25), 8710-8721, 2007  

TEM observation of aggregation steps in room-temperature silicalite-1 zeolite formation

Liang D, Follens LRA, Aerts A, Martens JA, Van Tendeloo G, Kirschhock CEA
J. Phys. Chem. C, 111(39), 14283-14285, 2007  

Ultraviolet-assisted curing of polycrystalline pure-silica zeolites: Hydrophobization, functionalization, and cross-linking of grains

Eslava S, Iacopi F, Baklanov MR, Kirschhock CEA, Maex K, Martens JA
J. Am. Chem. Soc., 129(30), 9288-+, 2007  

Combined NMR, SAXS, and DLS study of concentrated clear solutions used in silicalite-1 zeolite synthesis

Aerts A, Follens LRA, Haouas M, Caremans TP, Delsuc MA, Loppinet B, Vermant J, Goderis B, Taulelle F, Martens JA, Kirschhock CEA
Chem. Mat., 19(14), 3448-3454, 2007  

Effect of gravity on the gelation of silica sols

Pienaar CL, Chiffoleau GJA, Follens LRA, Martens JA, Kirschhock CEA, Steinberg TA
Chem. Mat., 19(4), 660-664, 2007  

Characterization of a molecular sieve coating using ellipsometric porosimetry

Eslava S, Baklanov MR, Kirschhock CEA, Iacopi F, Aldea S, Maex K, Martens JA
Langmuir, 23(26), 12811-12816, 2007   

What has become of the Silicalite nanoslab? - Recent insights into key steps of template-directed silicalite-1 formation

Kirschhock CEA, Aerts A, Martens JA

Stud. Surf. Sci. Catal. 2007, 170, Part 2, 1473-1478

MFI Fingerprint: How Pentasil-Induced IR Bands Shift during Zeolite Nanogrowth

Lesthaeghe D, Vansteenkiste P, Verstraelen T, Ghysels A, Kirschhock CEA, Martens J A, Speybroeck VV, Waroquier M.

J. Phys. Chem. C 2008, 112 (25), 9186-9191

Characterization of nanoparticles in diluted clear solutions for Silicalite-1 zeolite synthesis using liquid 29Si NMR, SAXS and DLS

Follens LRA, Aerts A, Haouas M, Caremans TP, Loppinet B, Goderis B, Vermant J, Taulelle F, Martens JA, Kirschhock CEA

Phys. Chem. Chem. Phys. 2008, 10 (36), 5574-5583

Aggregation and crystallization in space
C.E.A. Kirschhock, F. Otalora, R. Piazza and S. Mazzoni, 

Europhysics News, Vol. 39 No. 5, 25-28 (2008).

Zeolite-Inspired Low-k Dielectrics Overcoming Limitations of Zeolite Films
Salvador Eslava, Jone Urrutia, Abheesh N. Busawon, Mikhail R. Baklanov, Francesca Iacopi, Steliana Aldea, Karen Maex, Johan A. Martens and Christine E. A. Kirschhock,

J. Am. Chem. Soc., Articles ASAP (As Soon As Publishable), Publication Date (Web): November 20, 2008 

Viscosity sensing in heated alkaline zeolite synthesis media

Lana R.A. Follens, Erwin K. Reichel, Christian Riesch, Jan Vermant, Johan A. Martens, Christine E.A. Kirschhock and Bernhard Jakoby

 to appear in Phys. Chem. Chem. Phys (2008) DOI: 10.1039/b816040f

Ordered End-Member of ZSM-48 Zeolite Family 

C. E. A. Kirschhock, D. Liang, G. Van Tendeloo, A. Fécant, G. Hastoye, G. Vanbutsele, N. Bats, E. Guillon, J. A. Martens, 

Chem. Mater. in press

Multi-level modeling of silica-template interactions during initial stages of zeolite synthesis, 

Toon Verstraelen, Bartek M. Szyja, David Lesthaeghe, Reinout Declerck, Veronique Van Speybroeck, Michel Waroquier, Antonius P. J. Jansen, Alexander Aerts, Lana R. A. Follens, Johan A. Martens, Christine E. A. Kirschhock, Rutger A. van Santen , PCCP, in press, 2008 

Selected relevant international organizations, networks, working groups, ... the team belongs to;
Topical Team Zeolite crystallisation of ESA (coordinated by BPI) 

IDECAT Network of Excellence

VIRKAT - Implementation of high-throughput platform for heterogeneous catalysis and foundation of an Interuniversity Center for High-Throughput Experimentation for Heterogeneous Catalysis 
Centre of Excellence in Catalytic Science (CECAT).
IAP-PAI network Supramolecular Functional Systems
Advanced approach to the design and understanding of the active site in a wording solid catalyst using high-throughput and combinatorial methodologies and operando spectroscopy (GOA)

J. Martens also obtained a Methusalem award of the Flemish government.
· Mid-term R&D strategy with regard to this project (i.e. for the period after the end of the requested project). 

The new insights and developments achieved up to now enabled the COK to assert its exertise in material research and is and will leading to the development of new functional materials. The gained expertise will be of invaluable benefit during the upcoming preparation of the foreseen microgravity. Furthermore the detailed analysis of the mechanism of formation of one system now is about to be transferred to several closely in nd less closely realted families of materials. COK is well known for its proficiency in valorisation of scientific results. This is clearly evident from the large number of patents (more than 30 over the last five years) taken via KU Leuven R&D, the numerous projects together with industry, and the two spin-off companies ZISCOAT en M4E, established in 2004. Magnets for Emulsions N.V. M4E was laureate of ‘Enterprize 2005’, a competition for innovative entrepreneurs (www.enterprize.be).  


	· Identification of the team:

CIT - Division of applied rheology and polymer processing, 

Department of Chemical Engineering,

Faculty of Engineering, KU Leuven, 

Belgium

· List of the team members involved in the project: 

Prof. Jan Vermant

· Role, contribution and specific know-how, experience and suitability for the assigned activity:

The Division of Applied Rheology and Polymer Processing has longstanding experience in the rheology of a wide range of complex fluids, especially colloidal suspensions and polymeric materials, both in basic and applied research. The main expertise brought into the projects is the know-how on studying effects of flow and characterization of structure in colloidal suspensions. The team consists of more than 20 doctoral Clasen, Moldenaers, Van Puyvelde and Vermant.  Being part of an engineering department the group has strong links with industry.

· Funding sources and amounts available outside PRODEX for the requested project:

Nanodirect FP7, toolbox for directed selfassembly of nanoparticles, FP7-NMp, 01-09-2008 until 01-09-2012  Coordinator, € 961.734
· Main research projects in the area under consideration (with or without PRODEX support) for the last 5 years:

· SURFIN : Interplay of flow and surfaces on the structure development in high interface fluids, GOA project, research council K.U. Leuven. 1.500.000 € (2008-2012)

· FWO project: Use of 2D suspensions for fundamental studies of the dynamics of colloidal suspensions. €  371.500 (2006-2009)

· SOFTCOMP : Soft matter composites, network of excellence, FP6 (2005-2010).

· Most important relevant publications in peer reviewed international journals, and invited talks, of the last 5 years (give title and bibliography):

· Lana R. A. Follens, Alexander Aerts, Mohamed Haouas, Tom P. Caremans, Benoit Loppinet, Bart Goderis, Jan Vermant, Francis Taulelle, Johan A. Martens and Christine E. A. Kirschhock , Characterization of Nanoparticles in Diluted Clear Solutions for Silicalite-1 Zeolite Synthesis using Liquid 29Si NMR, SAXS and DLS Phyical chemistry and chemical physics, 10, 5574 - 5583 (2008)

· D.Z. Gunes, R. Scirocco, J. Mewis, J. Vermant Flow-induced orientation of non-spherical particles: Effect of aspect ratio and medium rheology J. Non. Newtonian Fluid Mechanics, 155(1-2), 39-50 (2008)

· M. Akbulut, N. K. Reddy, L. Vicum, B. Bechtloff, S. Koltzenburg, J. Vermant, R.K. Prud homme Flow-induced conformational changes in gelatin structure and colloidal stabilization Langmuir 24(17); 9636-9641 (2008)

· Bum Jun Park, John P. Pantina, and Eric M. Furst, M. Oettel, S. Reynaert, J. Vermant, Direct Measurements of the Effects of Salt and Surfactant on Interaction Forces between Colloidal Particles at Water-Oil Interfaces. Langmuir, 24, 1686-1697 (2008).

· Aerts, A; Follens, LRA; Haouas, M,Caremans, TP; Delsuc, MA; Loppinet, B; Vermant, J; Goderis, B; Taulelle, F ; Martens, JA ; Kirschhock, CEA, Combined NMR, SAXS, and DLS study of concentrated clear solutions used in silicalite-1 zeolite synthesis Chemistry of Materials 19 : 3448-3454 (2007)

· Reynaert, S; Moldenaers, P; Vermant, J Interfacial rheology of stable and weakly aggregated two-dimensional suspensions PHYSICAL CHEMISTRY CHEMICAL PHYSICS, 9, 6463-6475 (2007) 

· Vermant J.,Ceccia S.,Dolgovskij M.K.,Maffettone P.L., Macosko C.W., Quantifying Dispersion of Layered Nanocomposites via Melt Rheology  Journal of Rheology, 51,429-450 (2007)

· Stappers L, Basavaraj MG, Vermant J, Fransaer J,  Flow alignment of prolate particles on a rotating disk electrode, J. Electrochemical Society 153 (9): C660-C667 (2006) DOI 10.1149/1.221826

· Basavaraj MG, Fuller GG, Fransaer J, Vermant J,  Packing, flipping, and buckling transitions in compressed monolayers of ellipsoidal latex particles Langmuir 22 (15): 6605-6612 (2006)

· Reynaert S, Moldenaers P, Vermant J Control over colloidal aggregation in monolayers of latex particles at the oil-water interface Langmuir 22 (11): 4936-4945 (2006)

· J. Vermant, M.J. Solomon, Flow-Induced structure in colloidal suspensions  Journal of Physics: condensed matter, 17 (4): R187-R216 (2005).

· H. Hoekstra, J. Vermant, J. Mewis and T. Narayanan, Multi length scale analysis of the microstructure in sticky sphere dispersions during shear flow Langmuir 21 (24): 11017-11025 (2005)

· Scirrocco R., Vermant J., Mewis J., Effect of the Viscoelasticity of the Suspending Fluid on Structure Formation in Suspensions,  J. Non. Newtonian Fluid Mechanics, 117, 183-192 (2004)

Relevant international organizations, networks, working groups, ... the team belongs to:

Softcomp, network of Excellence

Erasmus mundus consortium on engineering rheology
The CIT also is a member of the ESA Topical Team for Zeolite Crystallisation.

· Mid-term R&D strategy with regard to this project (i.e. for the period after the end of the requested project): 

The division of applied rheology and polymer processing is internationally renowned for its innovative strategies and experimental know how for the investigation of complex fluids submitted to shear flow. Self-assembly and aggregation of nanoscale colloids are gaining importance in the formulation of performant functional coatings and soft composite materials. With the present project we wish to extend our capabilities for high frequency characterization of materials and the use of rheology to assess the dispersion quality of a material.



	· Identification of the team: 
Microgravity Research Center

50 Av. F. Roosevelt , CP 165/62

B-1050 Brussels(Belgium)

List of the team members involved in the project:

Prof. F. Dubois – Head of MRC, specialist in 3D optical diagnostics
Postdoc researcher, 5 year experience TBD
· Role, contribution and specific know-how, experience and suitability for the assigned activity:
Development of 3D Mapping by dark field digital holography
Recently the Microgravity Research Centre of ULB, which has also a part of its activities in microgravity applications, indentified, in the context of a Communauté Française Research Program, a new optical tool to locate particles that are smaller than the optical resolution in 3D [1]. The members of the Topical Team for zeolite crystallisation identified this diagnostic means as a highly interesting innovation which is on medium to long term expected to significantly contribute to the understanding of zeolite formation.
The 3D mapping technology is based on digital holographic microscopy (DHM) which has been used already in numerous ground based and microgravity applications. In order to detect particles smaller than the optical resolution, a dark field capability is implemented in DHM. When there is no particle, there is no detected optical field. On the contrary, particles, even smaller than the resolution, are giving rise to detected interferometric signals that can be refocused by the digital holographic process. Although the refocused particles are not actually resolved, they can be located in 3D. This process can be implemented for dynamical experiments. For the foreseen experiments, it is expected that the density of nanosized objects could be too high for a dark filed DHM using a full coherent optical beam. Indeed, many out of focus particles are creating speckle fields that lower the image quality of the refocused objects. To counter this problem, MRC implemented partially coherent illumination [2], as already demonstrated in bright field applications [3].

The Microgravity Research Centre will develop the 3D mapping technology for experiments performed in OLPs context. In addition, the DHM technology will provide interferometric information on the refractive index gradients. The MRC developments will be performed in the context of an optical research program supported by a transversal Prodex funding. As the technology of the dark field DHM is rather new, the first step of the developments will be oriented to the detailed performance characterizations of the technology. In a second step, the instrumentation will be tailored to match the requirements of the OPLs experiments. In a third step, the instrumentation will be used to establish the 3D mappings.

1.
Frank Dubois, Patrick Grosfils, “ Dark field Digital holographic microscopy to investigate nano-sized objects or smaller than the optical resolution”, Optics Letters 33, 2605-2607 (2008)

2.
Patent pending: Frank Dubois, “Holographic microscopy and method to investigate nano-sized objects”

3.
C. Minetti, N. Callens, G. Coupier, T. Podgorski, F. Dubois, “Fast measurement of concentration profiles inside deformable objects in micro flows with reduced spatial coherence digital holography” Applied Optics, 47, 5305-5314 (2008)
· Funding sources and amounts available outside PRODEX for the requested project:
· DECISIV Waleo 2, Walloon Region project, implementation of new biomedical applications (Cell fusions, Monitoring of bioreactor, Monitoring in embryology). 01/01/05-31/12/2010.

· Matrics, Molecular And TRanslational Imaging Center & Services, FEDER project, 01-06-2008, 31-05,2013
· ARCHIMEDES, ARC Research program of the Communauté Française de Belgique, 01-01-04, 31-12-2005
· Research projects in the area under consideration (with or without PRODEX support):
· 3D visualization of particle flow in a Hele-Shaw cell for the 45th CNES parabolic flight campaign in 2004, 01/05/2004 - 31/12/2004.

· DECISIV Waleo 2, Walloon Region project, implementation of new biomedical applications (Cell fusions, Monitoring of bioreactor, Monitoring in embryology). 01/01/05-31/12/2010.

· Matrics, Molecular And TRanslational Imaging Center & Services, FEDER project, 01-06-2008, 31-05,2013
· ARCHIMEDES, ARC Research program of the Communauté Française de Belgique, 01-01-04, 31-12-2005
· 3D visualization of particle flow in a Hele-Shaw cell for the 41st ESA parabolic flight campaign in 2005, 01/01/2005-31/12/2005, Prodex C90171.
· Dynamics of a vesicle suspension under shear 01/01/2006-31/12/2007, Prodex C90233, 01-01-06, 31-12-2009.
· Selected, running projects without Prodex participation:
· DECISIV Waleo 2, Walloon Region project, implementation of new biomedical applications (Cell fusions, Monitoring of bioreactor, Monitoring in embryology). 01/01/05-31/12/2010.

· Matrics, Molecular And TRanslational Imaging Center & Services, FEDER project, 01-06-2008, 31-05,2013
· ARCHIMEDES, ARC Research program of the Communauté Française de Belgique, 01-01-04, 31-12-2005
· Most important relevant publications in peer reviewed international journals:
· C. Minetti, N. Callens, G. Coupier, T. Podgorski, F. Dubois, “Fast measurement of concentration profiles inside deformable objects in micro flows with reduced spatial coherence digital holography” Applied Optics, Vol 47, N° 32 (October 2008).
· Frank Dubois, Patrick Grosfils, “ Dark field Digital holographic microscopy to investigate nano-sized objects or smaller than the optical resolution”, Optics Letters 33, 2605-2607 (2008)
· N. Callens, C. Minetti, G. Coupier, M.-A. Mader, F. Dubois, C. Misbah and T. Podgorski, “Hydrodynamic lift of vesicles under shear flow in microgravity” Europhys. Lett., Vol. 83, 24002 (July 2008)
· M. Antkowiak, N. Callens, C. Yourassowsky and F. Dubois, “Extended focused imaging of microparticle field with digital holographic microscopy”, Optics Letters, Vol. 33, No. 14, 1626-1628 (July 2008).

· Andreia Pedregal, Daniel Ribeiro de Sousa, Hoang Nam Nguyen, Eane Agapito das Neves, Serge Lowagie, Thierry Marique, Nathalie Kagye, Ines Teixeira Guerra, Yvette Kamba, Philippe Totte, Nathalie Vachiery, Thierry Lefrançois, Dominique Martinez, Catherine Yourassowsky, Natacha Callens, Olivier Monnom, Frank Dubois and John Wérenne, “Towards Prevention of Cowdriosis: A closer look with the Digital Holographic Microscope, 25 years after a first study of the IFN system in the bovine species”, In Press ANYAS
· Ingrid Zegers, Luigi Carotenuto, Christine Evrard, JuanMa Garcia-Ruiz, Philippe De Gieter, Luis Gonzales-Ramires, Eric Istasse, Jean-Claude Legros, Joseph Martial, Christophe Minetti, Fermin Otalora, Patrick Queeckers, Cedric Schockaert, Cecile VandeWeerdt, Ronnie Willaert, Lode Wyns, Catherine Yourassowsky, Frank Dubois, “Counterdiffusion protein crystallisation in microgravity and its observation with PromISS (Protein Microscope for the International Space Station), Bremen Microgravity Science and Technology, XVIII-3/4 (2006)
· Frank Dubois, Natacha Callens, Catherine Yourassowsky, Mauricio Hoyos, Pascal Kurowski and Olivier Monnom, “Digital holographic microscopy with reduced spatial coherence for 3D particle flow analysis”, APPLIED OPTICS, Vol. 45, No. 5, 964-961 (February 2006)
· Frank Dubois, Cédric Schockaert, Natacha Callens and Catherine Yourassowsky, “Focus plane detection criteria in digital holography microscopy by amplitude analysis”, OPTICS EXPRESS, Vol. 14, No. 13, 5895-5908 (June 2006)
· Frank Dubois, Catherine Yourassowsky, Olivier Monnom, Jean-Claude Legros, Olivier Debeir, Philippe Van Ham, Robert Kiss, Christine Decaestecker, “Digital Holographic Microscopy for the Three-dimensional Dynamic Analysis of In vitro Cancer Cell Migration”, Journal of Biomedical Optics 11(5), 054032 (September/October 2006)
· O. Monnom, F. Dubois, C. Yourassowsky, and J.C. Legros Visibility improvement of in focus reconstructed image in digital holography by influence reduction of the out-of-focus objects, Appl. Opt. 44, 3827-3832 (2005)
· F. Dubois, M.-L. Novella Requena, C. Minetti, O. Monnom, and E. Istasse, « Partial spatial coherence effects in digital holographic microscopy with a laser source”, Appl. Opt. 43, 1131-1139 (2004)
Patents
· Frank Dubois, Catherine Yourassowsky, Patent n° US 7362449 B2, April 22 (2008)
· Patent pending: Frank Dubois, “Holographic microscopy and method to investigate nano-sized objects”
· Frank Dubois, Catherine Yourassowsky, Patent n° US 7009700 B2, March 7 (2006)

· Frank Dubois, Patent n°US6535276 B2, March 18 (2003)
· Relevant international organizations, networks, working groups, ... the team belongs to:
Participation the ESA Topical Team 2004 “Nonequilbrium Complex Matter” (Alpe d’Huez, France)
Participation the ESA Topical Team 2006 “BIOMImetic and Cellular Systems” (Valloire, France)
Organisation of the ESA Topical Team 2007 “BIOMImetic and Cellular Systems” (Brussels, Belgium).
· Mid-term R&D strategy with regard to this project (i.e. for the period after the end of the requested project):
With respect to the development of new optical diagnostics, this project allows to pursue our strategic development of instruments that creates a very large interest of the scientific and industrial communities. It is foreseen to continue the extension of the field of applications.
The development of the digital holographic microscope to detect nano-sized objects is is the continuation of our activities in 3D optical imaging. It is foreseen to realize a system able to measure the dynamical behaviour of nanosized objects. As mentioned here above, it is a new technology and there is a need to characterize the instrumentation and to establish the actual limitations. A important aspect is also the coupling with the interferometric measurement that will make possible the correlation with gradients. 



	· Identification of the team: 
Team CeNoLi, Université Libre Bruxelles

· List of the team members involved in the project:

Nicolis and P. Gaspard, Vasileios Basios
· Role, contribution and specific know-how, experience and suitability for the assigned activity:

Role in the project

The Center is dedicated to research and training in statistical physics, physical chemistry, thermodynamics, stochastic processes, nonlinear science, chaos theory and simulation techniques. A team directed by G. Nicolis and P. Gaspard comprising also V. Basios, P. Grosfils and J. Lutsko conducts, in close collaboration with a team from the Royal Meteorological Institute, research on nonlinear phenomena, kinetic effects, self-organization and nonlinear behaviour encountered in a wide range of problems in space sciences and microgravity research.
Contribution and know-how

I. Summary of the main results obtained during the period 2006-2008

One of the main contributions of the Cenoli team to the project pertains to the existence of non-standard, multi-step nucleation mechanisms mediating crystallization associated with the presence of  intermediate phases.  Specifically:

(i) The early stages of self-assembly in nanophase materials were explored by coupling a kinetic mean-field analysis with a lattice-based stochastic theory. A model was designed which allows the quantification of factors affecting docking efficiency of a platelet at the surface of a crystallite. Principal among these is the nature of the template itself, which is assumed to be either unstructured or bifurcated into terraces and edges/ledges. The consequences (as regards docking efficiency) of diffusive flows in the near neighborhood of a developing crystallite versus surface-only processes were assessed. Particularly in regimes where the barriers to surface diffusion are high, and/or the probability of desorption significant, it is found that three dimensional processes (leading to a "direct hit") can compete kinetically with surface-only mediated processes. 

(ii) A mathematical model was proposed which accounts for reported observations on a non-standard aggregation mechanism during crystallization processes in zeolite systems, involving the mediation of intermediates consisting of a polydisperse population of nano-sized particles. The model can explain both the experimentally measured induction period in the solidification process and the final apparent equilibrium between nanoparticles and zeolite crystals. The proposed mechanism also gives insight on future experiments aiming at a more comprehensive picture of the process.The basic physical mechanisms were modelled at two levels. First, a purely phenomeno-logical model was presented which captures the basic ideas in their simplest form. Subsequently, a more detailed and mechanistic picture was provided. This involved new concepts, such as the distribution of crystal sizes, but in the end was reduced to a system of rate equations similar to the first model. In fact, it was noted that the phenomenological model could be viewed as a systematic approximation to the more detailed model.

(iii) The construction of a theoretical scheme which could incorporate the ISS observed microgravity influence on inhibiting the self assembly of the larger intermediate nanoslabs to the zeolite crystalline state was initiated. The main idea is that the diffusion controlled mechanism in the regime of Smoluchowski-type dynamics affected by advection, anisotropic diffusivity and asymmetric nature of the intermediate nanoslabs can theoretically account for a slower binding rate of the larger intermediates. A Monte Carlo study incorporating these elements is currently under way.

II. Proposed research for the period 2009-2011

In addition to continuing the work initiated during the past 3 years, new  approaches will be developed in order  to incorporate explicitly in the description (a) the conditions under which the experimental studies of the Leuven team are carried out; and (b) structural factors (such as asymmetry) and geometric constraints characteristic of zeolites. An important role towards this goal will be the extensive use of molecular dynamics, Monte Carlo and kinetic Monte Carlo simulations. Specifically:

(i) Statistical mechanical approach: The model developed jointly by the Cenoli and KULeuven teams makes a definite prediction concerning the distribution of crystal sizes and it would seem that this could be checked via experiment. It might well be that the actual intermediates constitute a rather broad distribution of particle sizes which partly overlaps with the nanoparticle population as detected by NMR, but still differ in structure. This might explain the observed evolution of the Q4 connected silicon inside the nanoparticle population which shows a similar behaviour as of the multidisperse pre-zeolite intermediates. It is planned to focus more extensively on the connection between the intermediate phase and Qn distributions in the near future.  Further extension  of the model could also account explicitly for the oligomers and other mechanisms such as Ostwald ripening.  Finally the role of supersaturation in the autocatalysis through formation of intermediates will be assessed.

(ii) Crystal-size distribution:  Our recent generic model, discussed above, of nucleation and growth of crystals starting with simple (unstructured) units that eventually assemble prior to nucleation to form structured intermediates, has been developed by the Cenoli team in the context of zeolite crystallization in a well-stirred closed reactor. It is intended to extend this model to include spatially extended systems. Integration of the model equations will provide the crystal size distribution at different stages of maturation, which can be confronted with data from the Leuven team. Extensions accounting for spatial inhomogeneities as well as the nature of the precipitating agents and their interactions in solution will be carried out.

· Funding sources and amounts available outside PRODEX for the requested project:

Belgian Federal Science Policy Office IUAP program, French Community of Belgium Ph.D. and post doctoral position grants and European Commission (FP7). 

· Research projects in the area under consideration (with or without PRODEX support):
C90043 (2003) and C90105 (2003-2004), on “Thermodynamic and statistical aspects of protein crystallization”;C90238 (2006-2008) on “Influence of mass transport and surface growth processes on protein crystal perfection”, ESA  AO2004 070, supported by PRODEX.
· Most important relevant publications in peer reviewed international journals:

Relevant Publications 2006 -2008 in peer reviewed journals:

J. F. Lutsko, "Theoretical description of the nucleation of vapor bubbles in a superheated fluid", to appear in Europhysics Letters (2008).

V. Basios, J. Lutsko, G. Nicolis, D. Maes and C. Kirschhock, “A new paradigm of crystallization arising from non-standard nucleation pathways”, to appear in Microgravity Research and Technology (2008).

J. F. Lutsko, "Density functional theory of inhomogeneous liquids. II. A fundamental measure approach", J. Chem. Phys. 128, 184711 (2008).

G. Nicolis and C. Nicolis, “Irreversible thermodynamics of multistep-transitions”, Phys. Rev. E 77, 051101 (2008).

R. A. Garsza-Lopez, Ph. Bouchard, G. Nicolis, M. Sleutel, J. Brzezinski and J.J. Kozak, “Kinetics of docking in post-nucleation stages of self-assembly”, J. Chem. Phys. 128, 114701 (2008).

J. J. Kozak, C. Nicolis and G. Nicolis, “Modeling the early stages of self-assembly in nanophase materials”, J. Chem. Phys. 126, 154701, (2007).

J. F. Lutsko, "Density functional theory of inhomogeneous liquids. I. The liquid-vapor interface in Lennard-Jones fluids", J. Chem. Phys. 127, 054701 (2007).

G. Nicolis and C. Nicolis, “Foundations of Complex Systems: nonlinear dynamics, statistical physics, information and prediction”, World Scientific (2007).

G. Nicolis & A. DeWit, “Reaction Diffusion systems”: http://www.scholarpedia.org 2 (9) :1475 (2007).

J. F. Lutsko and G. Nicolis, "Theoretical Evidence for a Dense Fluid Precursor to Crystallization", Phys. Rev. Lett. 96, 046102 (2006).

J. F. Lutsko, "Properties of non-fcc hard-sphere solids predicted by density functional theory", Phys. Rev. E 74, 021121 (2006).

J. F. Lutsko, "First principles derivation of Ginzburg–Landau free energy models for crystalline systems", Physica A 366, 229 (2006).

J. F. Lutsko, "Ginzburg-Landau theory of the liquid-solid interface and nucleation for hard spheres",  Phys. Rev. E 74, 021603 (2006).

V. Basios, “Self-organization and nonequilibrium aggregation phenomena in colloidal matter: why microgravity matters”, Int. J. of Bifurcation and Chaos, 16, No. 6, 1689-1700 (2006).

submitted for publication:

J. F. Lutsko,V. Basios, G. Nicolis, T. P. Caremans, A. Aerts, T. S. van Erp, and C. E. A. Kirschhock, “Modeling the kinetics of intermediate-mediated self-assembly in zeolite crystallization”, submitted to Physical Chemistry Chemical Physics, (2008)

P. Grosfils and J. F. Lutsko, "Dependence of the liquid-vapour surface tension on the range of interaction: a test of the law of corresponding states", submitted to J. Chem. Phys.

J. F. Lutsko, "Density functional theory of inhomogeneous liquids. III. Liquid-vapour nucleation", submitted to J. Chem. Phys.

Selected Recent Participations to Congresses – Invited speaker
CECAM (Centre Europeen de Calcul Atomique et Moleculaire)  "Common trends between Kinetic theory, Dynamical Density Functional methods and mesoscopic methods based on effective free energy models",  Lausanne (Switzerland), October 2-5, 2008. Lecture by J. F. Lutsko: "Nucleation pathways from density functional theory"

“XXI th Int'l. Summer School and Conference, Nonlinear Science and Complexity”, National Technical University of  Athens, July 21-August 2, 2008,  Lecture by V. Basios: “Non-standard pattern formation during self-organization within a new paradigm of macromolecular crystallization”

“Lattices and Trajectories”, Fields Institute, University of Toronto, May 31-June 2, 2007. Talk by G. Nicolis: “Nonlinear dynamics and self-organization the presence of metastable phases”

“ELGRA (European Low Gravity Research Association):  Biennial Symposium and General Assembly”, September 4-7, Florence, 2007.  Talk by V. Basios: “A new paradigm of crystallization arising from non-standard nucleation pathways”

"GRANFL07: Granular Fluids - A Proving Ground for Nonequilibrium Statistical Mechanics", Seville, Spain, September 26-29, 2007. Lecture by J. F. Lutsko: “Velocity correlations in granular fluids compared to sheared elastic fluids”

“ Science on European Soyuz missions to the International Space Station” Toledo, (27th-30th June 2006), Lecture by Vasileios Basios: “Nonstandard Nucleation Mechanism from Combined Structural and Density fluctuations” 

· Relevant international organizations, networks, working groups, ... the team belongs to:
The Center collaborates with about 30 laboratories in Europe, North and South America, Japan and India. These collaborations are being financed by international and national agencies. It is part of the SYMBRION integrated project set up by the European Commission and NEUREVAL an inter-university project supported by the Walloon Region. Pierre Gaspard is spokesman for the French community of Belgium for the Complexity NET program under the auspices of the European Commission. V. Basios J. Lutsko and G. Nicolis are members of all ESA Topical Teams relevant to the project. V. Basios is also a member of  ELGRA (European Low Gravity Research Association).

· Mid-term R&D strategy with regard to this project (i.e. for the period after the end of the requested project):

The team conducts research on nonlinear phenomena, kinetic effects, self-organization and nonlinear behavior encountered in a wide range of problems in space science and microgravity research. The aim is to develop tools (statistical physics, thermodynamics and nonlinear dynamics combining theoretical modeling and microscopic simulation techniques) that can be applied to a wide range of phenomena involving complex colloid and/or macromolecular matter, from the early steps of nucleation to the formation of meso-scale size crystallites.


	· Identification of the team; 

EMAT , University of Antwerp

· List of the team members involved in the project; 

Prof. Sara Bals, Prof. Gustaaf Van Tendeloo 

· Role, contribution and specific know-how, experience and suitability for the assigned activity;

EMAT is the leading expert in the field of material characterisation by transmission electron microscopy (TEM). This method is indispensable for the ground based  investigation of the studied systems. More specifically TEM allows the direct analysis of the degree of order in the materials after aggregation/crystallisation as well as the orientation of the crystal axes in the formed particles. The detailed analysis of these parameters yield important clues on the growth mechanism of zeolites in general and ensures optimum preparation of the microgravity experiments.

· Most important relevant publications in peer reviewed international journals (2006-2008)

S. Bals, S. Van Aert, G. Van Tendeloo, D. Avila-Brande, "Statistical Estimation of Atomic Positions from Exit Wave Reconstruction with a Precision in the Picometer Range" Physical Review Letters 96, 096106 (2006)



S. Bals, G. Van Tendeloo, C. Kisielowski "A New Aproach for Electron Tomography: Annular Dark-Field Transmission Electron Microscopy" Advanced Materials 18, 892-895 (2006)






M. Huijben, G. Rijnders. D. Blank, S. Bals, S. Van Aert, J. Verbeeck, G. Van Tendeloo, A. Brinkman, H. Hilgenkamp "Electronically coupled complementary interfaces between perovskite band insulators" Nature Materials 5, 556-560 (2006) 

A.M. Abakumov, J. Hadermann, G. Van Tendeloo, M.L. Kovba, Y.Y. Skolis, S.N. Mudretsova, E.V. Antipov, O.S. Volkova, A.N. Vasiliev, N. Tristan, R. Klingeler, B. Büchner, "[SrF0.8(OH)0.2]2.526[Mn6O12]: Columnar rock-salt fragments inside the todorokite-type tunnel structure" Chem.Mater., 19, 1181-1189 (2007)



A.M. Abakumov, J. Hadermann, S. Bals, I.V. Nikolaev, E.V. Antipov, G. Van Tendeloo

"Crystallographic Shear Structures as a Route to Anion-Deficient Perovskites" Angewandte Chemie, 45, 1-5 (2006)




S. Bals, K.J. Batenburg, J. Verbeeck, J. Sijbers, G. Van Tendeloo "Quantitative three-dimensional reconstruction of catalyst particles from bamboo-like nanotubes" Nano Letters 7, 3669-3674 (2007)




T.K. Mandal, A.M. Abakumov, J. Hadermann, G. Van Tendeloo, M. Croft, M. Greenblatt

"Synthesis, chemical structure and magnetic properties of of Sr1,31Co0,63Mn0,37O3: A derivative of the incommensurate composite hexagonal perovskite structure"
Chem. Mater. 19, 6158-6167 (2007)





I.Vlasov, O.I. Lebedev, V.G. Ralchenko, E. Goovaerts, G. Bertoni, G. Van Tendeloo, V.I. Konov "Hybrid diamond-graphite nanowires produced by microswave plasma chemical vapour deposition" Advanced Materials 19, (2007) 4058-4062




L.Yan, H. Niu, C.A. Bridges, P.A. Marshall, J. Hadermann, G. Van Tendeloo, P.R. Chalker, M.J. Rosseinsky, "Unit-cell-level assembly of metastable transition-metal oxides by pulsed-laser-deposition" Angewandte Chemie, 46, 4539-4542 (2007)





S. Godefroo, M. Hayne, M. Jivanescu, A. Stesmans, M. Zacharias, O.I. Lebedev, G. Van Tendeloo, V.V. Moshchalkov "Classification and control of the origin of photoluminescence from Si nanocrystals" Nature Nanotechnology, 3,  (march 2008)

K. De Witte, V. Meynene, M. Mertens, O.I. Lebedev, G. Van Tendeloo, A. Sepulveda-Escribano, F. Rodriguez-Reinoso, E.F. Vansant, P. Cool, "Multistep loading of titania on mesoporous silica: influence of the morphology and the porosity on the catalytic degradation of aqueous pollutants and VOCs" Applied Catalysis B:environmental 84, 125-132 (2008)

S. Turner, O.I. Lebedev, F. Schröder, D. Esken, R.A. Fischer, G. Van Tendeloo

"Direct imaging of loaded metal-organic framework materials (metal@MOF-5)"
Chem. Mater. 20, 5622-5627 (2008)

F. Schröder, D. Esken, M. Cokoja, M.W.E. van den Berg, O.I. Lebedev, G. Van Tendeloo, B. Walaszek, G. Buntkowsky, H.-H. Limbach, B. Chaudret, R.A. Fischer, "Ruthenium nanoparticles inside porous (Zn4O(bdc)3) by hydrogenolysis of adsorbed (Ru(cod)(cot): a solid state reference system for surfactant-stabilized ruthenium colloids" J. Am.Chem.Soc. 130, 6119-6130 (2008)

A. Figuerola, I. R. Franchini, A. Fiore, R. Mastria, A. Falqui, G. Bertoni, S. Bals, G. Van Tendeloo, S. Kudera, R. Cingolani, L. Manna, "End-to-End Assembly of Shape-Controlled Nanocrystals via a Nanowelding Approach Mediated by Gold Domains" 20, 1-5 (2008)
S. Van Aert, L.Y. Chang, S. Bals, A.I. Kirkland, G. Van Tendeloo, " Effect of amorphous layers on the interpretation of restored exit waves" Ultramicroscopy in press

E. Beyers, E. Biermans, S. Ribbens, K. De Witte, M. Mertens, V. Meynen, S. Bals, G. Van Tendeloo, E.F. Vansant, P. Cool "Combined TiO2/SiO2 mesoporous photocatalysts with location and phase controllable TiO2 nanoparticles" Applied Catalysis B: environmental in press

Selected Recent Participation to Congresses-Invited Speaker

"Discrete tomography in materials science: less is more?" S. Bals, "European Microscopy Conference", September 2008, Aken, Germany
"Discrete electron tomography applied to materials science" S. Bals, "ESTEEM tomography workshop", September 2008, Cadiz, Spain

"Zeotile4: how to solve the 3D puzzle by electron tomography?" S.Bals, "Tailoring nanoporous materials", May 2008, Leuven, Belgium

"Electron Microscopy and Nanoscience: How low can we go?" G. Van Tendeloo,
" INCOMAM07 International congress on microscopy and microanalysis" December 2007, Coimbra, Portugal

“Quantitative Interface Characterisation of SrTiO3/LaAlO3 Multilayer Systems” S. Bals, "DGE 2007" September 2007, Saarbrucken, Germany
“Electron Microscopy and Nanoscience: how low can we go?” G. Van Tendeloo, “3rd Serbian Congress for Microscopy” September 2007, Belgrado, Servia

“Electron Microscopy and Electron Spectroscopy: how low can we go?” G. Van Tendeloo, “The 2nd international spectroscopy conference” March 2007, Sousse, Tunisian Republic
"The atomic structure of oxide-oxide interfaces by advanced electron microscopy" G. Van Tendeloo, “E-MRS Spring Meeting” May 2006, Strasbourg, France
“Quantitative interface charactisation of LaAlO3/SrTiO3 multilayers” S. Bals, “ICM 2006” September 2006, Sapporo, Japan

"Quantitative characterization of structures and interfaces" G. Van Tendeloo, “2nd Croation Congress on Microscopy with International Participation” May 2006, Topusko, Croatia
· Relevant international organizations, networks, working groups, ... the team belongs to;

Recently EMAT became the core group of the NANO Centre of Excellence of the University of Antwerp. G. Van Tendeloo also obtained a Methusalem award of the Flemish government. 

EMAT is the coordinator of ESTEEM (2006-2011), an IP3 project within the 6th framework of the EC that groups the most relevant TEM groups in materials science in Europe. EMAT is also partner in the European project INSIDE PORES (2004-2009) where it is responsible for the electron microscopy.
EMAT also is a member of the ESA Topical Team for Zeolite Crystallisation.




	· Identification of the team; 

Center for Molecular Modeling (CMM) , Ghent University

· List of the team members involved in the project; 

Prof. Veronique Van Speybroeck, Prof. Michel Waroquier

2 PhD students (1 ½  financed by CMM, ½ financed by Prodex)
1 postdoc financed by IAP

· Role, contribution and specific know-how, experience and suitability for the assigned activity;
Computational molecular modeling is the core activity of the applicants from Ghent University (CMM). The CMM has already a longstanding experience in modeling porous materials and the catalytic activity of these materials. Determining the active site in these catalysts and elucidating their related reaction mechanism are of paramount importance for the road to the rational design of catalysts and offering prospects of improved formulations of existing catalysts. The Leuven-Ghent team is a unique tandem for an experimental-computational approach of the template mediated formation of porous materials. 

Beside zeolites, assembly of precursor particles can also be exploited for the synthesis of microporous-mesoporous hybrid materials. Aggregation on the meso-scale can be obtained e.g. using surfactants or polymers . Today the situation of microporous-mesoporous hybrid materials is similar to that of zeolites some 20 years ago. In those days the exploration of hypothetical theoretical frameworks in several instances inspired researchers to synthesize new zeolite materials .With the present project the applicants expect to be able to realize a similar breakthrough in zeolite and poly-porous material synthesis. 
· Funding sources and amounts available outside PRODEX for the requested project;

The infrastructure of the CMM consisting of extended IBM/p5 workstations is completely at the disposal of this project. The CMM disposes also over software developed in-house like force-field development based on GCM, frequency calculators in partially optimized systems, a graphical toolkit for new materials design, etc. In addition the CMM has a large critical mass with three full professors, six postdocs and nine PhD students. Some of them will be actively involved in the project, but the synergy between the various researchers of the group creates also a surplus value and lies on the basis of some creative and innovative ideas and developments.

· Research projects in the area under consideration (with or without PRODEX support) 
· projects supported by Prodex : nihil

· projects without Prodex participation: CMM is partner of the IAP network P6/27 “Functional Supramolecular Systems”.

 Selected, running projects without Prodex participation

· FWO-Flanders project COK – CMM : “Model-based synthesis of new zeolite materials via aggregation of precursors and nanoparticles”

· BOF project : “ Heterogeneous catalysis in microporous materials : MTO mechanism from a theoretical viewpoint.”

· BOF project : “ Rational Design of microporous catalysts through molcular modeling.”

· FWO-Flanders project : Ab initio investigation on the reactivity of supramolecular complexes in zeolite catalysis.

· FWO-Flanders project : Static and dynamic ab initio modeling of coke formation within cracking processes using elementary reactions.

· Most important relevant publications in peer reviewed international journals :

Ab initio study of radical addition reactions : Addition of a primary ethylbenzene radical to ethene (I), Van Speybroeck V., Waroquier M., Wauters S., Saeys M., Marin G.B., J. Phys. Chem. A, 104, 10939-10950, 2000 (IF 2.792)

Ab initio and experimental study on thermally degradable polycarbonates: The effect of substituents on the reaction rates, Van Speybroeck V., Martelé Y., Waroquier M., Schacht E., J. Am. Chem. Soc., 123, 10650-10657, 2001 (IF 6.516)

Density Functional Calculations on Alanine-Derived Radicals: Influence of Molecular Environment on EPR Hyperfine Coupling Constants”, E. Pauwels, V. Van Speybroeck, P. Lahorte, M. Waroquier, J. Phys. Chem. A, 105, 8794, 2001. (IF 2.792)
A recent development in computational chemistry: chemical reactions from first principles molecular dynamics simulations, V. Van Speybroeck, R.J. Meier, Chem. Soc. Rev., 32, 151-157, 2003 (IF 9.569)

Efficient use of bifunctional acid-base properties for alkylammonium formation in amine-substituted zeolites, Lesthaeghe D., Van Speybroeck V., Waroquier M., J. Am. Chem. Soc.,126, 9162-9163, 2004 (IF 6.903)

DFT investigation of alkoxide versus alkylammonium formation in amine-substituted zeolites, David Lesthaeghe, Veronique Van Speybroeck, Guy B. Marin and Michel Waroquier, Journal of Physical Chemistry B, 109, 7952-7960, 2005 
Understanding the failure of direct C-C coupling in the zeolite-catalyzed methanol-to-olefinprocess, Lesthaeghe D., Van Speybroeck V., Marin G.B., Waroquier M., Angew. Chem.-Int. Edit., 45, 1714–1719, 2006 (IF 10.232)
Nonexpected four-membered over six-membered ring formation during the synthesis of azaheterocyclic phosphonates : experimental and theoretical evaluation, Van Speybroeck V., Moonen K., Hemelsoet K., Stevens C.V., Waroquier M., J. Am. Chem. Soc., 128, 8468–8478, 2006 (IF 7.696)
First-principles calculations of hyperfine parameters with the Gaussian and augmented-plane-wave method: Application to radicals embedded in a crystalline environment , Declerck, R; Pauwels, E; Van Speybroeck, V, Waroquier M., Physical Review B, 74, article number 245103, 2006 (IF 3.107)
Understanding the failure of direct C-C coupling in the zeolite-catalyzed methanol-to-olefin process, Lesthaeghe D., Van Speybroeck V., Marin G.B., Waroquier M., Angew. Chem.-Int. Edit., 45, 1714 – 1719, 2006 (IF 10.232)

Zeolite shape-selectivity in the gem-methylation of aromatic hydrocarbons, Lesthaeghe D., De Sterck B., Van Speybroeck V., Marin G.B., Waroquier M., Angew. Chem.-Int. Edit., Volume: 46 Issue: 8 Pages: 1311-1314, 2007 (IF 10.031)
The rise and fall of direct mechanisms in methanol-to-olefin catalysis: an overview of theoretical contributions, David Lesthaeghe, Veronique Van Speybroeck, Guy B. Marin and Michel Waroquier, Industrial and Engineering Chemistry Research, 46, 8832-8838, 2007 

The Gradient Curves Method: An improved strategy for the derivation of molecular mechanics valence force fields from ab initio data, Toon Verstraelen, Dimitri Van Neck, Paul W. Ayers, Veroniqe Van Speybroeck and Michel Waroquier, Journal of Chemical Theory and Computation, Vol. 3 (4) 1420 - 1434, 2007 

Global DFT-based reactivity indicators: An assessment of theoretical procedures in zeolite catalysis, Karen Hemelsoet, David Lesthaeghe, Veronique Van Speybroeck and Michel Waroquier, Journal of Physical Chemistry C, 111, 3028-3037, 2007 

Theoretical study on the alteration of fundamental zeolite properties by methylene functionalization, David Lesthaeghe, Gaella Delcour, Veronique Van Speybroeck, Guy B. Marin and Michel Waroquier, Microporous and Mesoporous Materials, 96, 350-356, 2006 

ZEOBUILDER : a GUI toolkit for the construction of complex molecules on the nanoscale with building blocks., Toon Verstraelen, Veronique Van Speybroeck and Michel Waroquier, Journal of Chemical Information and Modeling, Vol.48 ( 7) , 1530-1541 , 2008 

Multi-level modeling of silica-template interactions during initial stages of zeolite synthesis, Toon Verstraelen, Bartek M. Szyja, David Lesthaeghe, Reinout Declerck, Veronique Van Speybroeck, Michel Waroquier, Antonius P. J. Jansen, Alexander Aerts, Lana R. A. Follens, Johan A. Martens, Christine E. A. Kirschhock, Rutger A. van Santen , PCCP, in press, 2008 
MFI fingerprint: How pentasil-induced IR bands shift during zeolite nano-growth, David Lesthaeghe, Peter Vansteenkiste, Toon Verstraelen, An Ghysels, Christine E.A. Kirschhock, Johan A. Martens, Veronique Van Speybroeck, Michel Waroquier, J. Phys. Chem. C, 112 (25), 9186-9191, 2008 
Recent theoretical insights into the role of the zeolite framework on methanol-to-olefin conversion, David Lesthaeghe, Veronique Van Speybroeck, Michel Waroquier, Studies in Surface Science and Catalysis, 174, 741-744, 2008 
· Relevant international organizations, networks, working groups, ... the team belongs to;
The CMM collaborates with about 20 prominent research groups in Europe and North America. Most of these collaborations are bilateral, but some larger networks with multiple partners are also present. The CMM is also involved in some Research Program Networks of the PESC (ESF). 

The CMM also is a member of the ESA Topical Team for Zeolite Crystallisation.

· Mid-term R&D strategy with regard to this project (i.e. for the period after the end of the requested project). 

Since a couple of years the CMM has built a reputation in developing software packages of general use for a large community of potential users. The development of an extensible GUI-Toolkit with building algorithms for the construction of hierarchical zeolite models can be extended for building any complex molecular system (modeling of initial structures in a solvent, or in an extended periodic environment).

The development of a new concept for constructing high-level force fields makes an extensive use in a broad area of applications possible. All these in house packages are freely available to the scientific community as open source software.

The CMM has also finalized a routine (MBH) calculating frequencies for partially optimized systems. The developed algorithm has a great application field  for use in extended molecular systems and has received a lot of interests from large software companies and academic consortia in software development for implementing the CMM – MBH code in existing computer packages. Currently the MBH method is being to be inserted in ADF (Amsterdam code) and CHARMM (code for biosystems).

In addition the CMM has some specific expertise particularly in developing some special tools for optimizing large (bio)systems, microporous crystalline silicate materials etc. with the use of force fields build in house. This proposal offers the opportunity to transfer this singular expertise to other areas of molecular modeling :  design of new materials which becomes a new growing topic worldwide. It is a challenge for the CMM to enter the world of the materials science, it opens new perspectives for the various tools developed in house.


	· Identification of the team:
Polymer and Colloid-Science group

F.O.R.T.H. Institute

Heraklion, Crete

Greece

· List of the team members involved in the project:
Prof. G. Fytas

Prof. D. Vlassopoulos

Dr. B. Loppinet

· Role, contribution and specific know-how, experience and suitability for the assigned activity:
The Polymer & Colloid Science Group activities are directed towards the fundamental understanding of the structure-properties relationship in soft matter. This is accomplished through systematic approaches utilizing a range of powerful, high spatial and time resolution experimental techniques. The group focuses attention towards polymeric and colloidal systems with special consideration to dynamical properties. The main mastered experimental techniques are scattering (Light, X-ray, Neutrons) and rheology. 

The team provides its vast experience in the characterization of dynamic processes in colloidal systems. This experience is indispensable for the study of the complex systems during self-organisation. The concise data analysis of DLS data obtained from zeolite suspensions results in a wealth of knowledge crucial for the success of the planned microgravity experiment.

The group also is involved in testing and evaluation of a combined viscosity-DLS in-situ cell.  

· Current research projects in the area under consideration:
Soft colloids: effective interactions, dynamics and rheology. 

Dynamics and non linear rheology of colloidal glasses and gels. 

Dynamics of surface tethered polymers. 

Macromolecular architecture, self assembly and relaxation in polymeric systems. 

Laser induced concentration gradients in transparent polymer solutions. 

Phononic in soft material.
Ordered Liquid Phases.
· Most important relevant publications in peer reviewed international journals:
D. Vlassopoulos, "Colloidal star polymers: models for studying dynamically arrested states in soft matter", J. Polym. Sci.: Part B: Polym. Phys., 42, 2931-2941 (2004).

W. M. Holmes, P. T. Callaghan, D. Vlassopoulos, J. Roovers, "Shear banding phenomena in ultrasoft colloidal glasses", J. Rheol., 48, 1085-1102 (2004).

G. Petekidis, J. Gapinski, P. Seymour, J. S. van Duijneveldt, D. Vlassopoulos, G. Fytas, "Dynamics of core-shell particles in concentrated suspensions", Phys. Rev. E, 69, 042401 (2004).

A. Asteriadi, R. Sigel, D. Vlassopoulos, G. Meier, J. R. Dorgan, D. M. Knauss, "Molecular control of the viscosity of dendritically branched polystyrene solutions: from polymeric to colloidal behavior", Macromolecules, 37, 1016-1022 (2004).

E. Stiakakis, D. Vlassopoulos, J. Roovers, "Thermal gelation in colloidal star - linear polymer mixtures", Langmuir, 19, 6645-6649 (2003).

G. Petekidis, D. Vlassopoulos, P. N. Pusey, "Yielding and flow in colloidal glasses", Faraday Discuss., 123, 287-302 (2003).

D. Vlassopoulos, T. Terakawa, G. G. Fuller, "Microstructural changes of a model binary polymer blend in a simple shear flow across the phase boundary", J. Rheol., 47, 143-161 (2003).

E. Stiakakis, D. Vlassopoulos, B. Loppinet, J. Roovers, G. Meier, "Kinetic arrest of crowded soft spheres in solvents of varying quality", Phys. Rev. E, 66, 051804 (2002).

E. Stiakakis, D. Vlassopoulos, C. N. Likos, J. Roovers, G. Meier, "Polymer-mediated melting in ultrasoft colloidal gels", Phys. Rev. Lett., 89, 208302 (2002).

G. Fytas, H. G. Nothofer, U. Scherf, D. Vlassopoulos, G. Meier, "Structure and dynamics of nondilute polyfluorene solutions", Macromolecules, 35, 481-488 (2002).

M. Bockstaller, W. Koehler, G. Wegner, D. Vlassopoulos, G. Fytas, "Levels of structure formation in aqueous solutions of anisotropic association colloids consisting of rodlike polyelectrolytes", Macromolecules, 34, 6359-6366 (2001).

K. Viertler, A. Wewerka, F. Stelzer, G. Fytas, D. Vlassopoulos, "Macromolecular anisotropic association in isotropic solutions of a liquid crystal side chain polymer", Macromol. Chem. Phys., 202, 3174-3179 (2001).

A. Aggeli, G. Fytas, D. Vlassopoulos, T. C. B. McLeish, P. Mawer, N. Boden, "Structure and dynamics of self-assembling beta-sheet peptide tapes by dynamic light scattering", Biomacromolecules, 2, 378-388 (2001).

L. Hilliou, D. Vlassopoulos, M. Rehahn, "Dynamics of nondilute solutions of hairy-rod polymers in simple shear flow", Macromolecules, 34, 1742-1750 (2001).

B. Loppinet, R. Sigel, A. Larsen, G. Fytas, D. Vlassopoulos, G. Liu, "Structure and dynamics in dense suspensions of micellar nanocolloids", Langmuir, 16, 6480-6484 (2000).

M. Bockstaller, W. Koehler, G. Wegner, D. Vlassopoulos, G. Fytas, "Hierarchy of macromolecular association in aqueous solutions of amphiphilic rigid polyelectrolytes, Macromolecules, 33, 3951-3953 (2000).

L. Hilliou, D. Vlassopoulos, M. Rehahn, "Dynamics of hairy-rod polymer solutions in simple shear flow: aging affects", Macromolecules, 33, 3105-3110 (2000).

A. N. Semenov, D. Vlassopoulos, G. Fytas, G. Vlachos, G. Fleischer, J. Roovers, "Dynamic structure of interacting spherical brushes", Langmuir, 15, 358-368 (1999).

G. Petekidis, D. Vlassopoulos, G. Fytas, R. Rulkens, G. Wegner, G. Fleischer, "Diffusion dynamics in hairy-rod polymers in concentrated solutions", Macromolecules, 31, 6139-6147 (1998).

G. Petekidis, D. Vlassopoulos, G. Fytas, R. Rulkens, G. Wegner, "Orientation dynamics and correlations in hairy-rod polymers", Macromolecules, 31, 6129-6138 (1998).

· Relevant international organizations, networks, working groups, ... the team belongs to:
Network of Excellence (NOE): "Soft Matter Composites – An Approach to Nanoscale Functional Materials (SOFTCOMP)”   (2004-2009) 

Numerous international projects and collaborations




	· Identification of the team:
LINZ - Institute for Microelectronics and Microsensors
Johannes Kepler University Linz

Altenberger Strasse 69

A-4040 Linz

Austria

· List of the team members involved in the project:
Prof. B. Jakoby, Erwin K. Reichel, Alexander O. Niedermayer
· Role, contribution and specific know-how, experience and suitability for the assigned activity:
The solvent viscosity is on the one hand a mandatory input parameter for calculating the particle size from DLS measurements. Despite the fact that in the case of nano-sized particles the solvent viscosity cannot be measured directly it was found out that the high-frequency shear viscosity, as measured by a piezoelectric resonator, is closely related to the required parameter. A sensor featuring minimal spurious feedback on the analyte has already been developed and applied to crystallization processes in harsh chemical environments. 
On the other hand, acoustic in-situ diagnostic methods, in particular the interaction of vibrating surfaces in contact with the fluid can provide parameters complementary to the optical measurements. The implementation of the previously devised sensor concept will be investigated in order to retrieve the desired rheological parameters, e.g. the change of solvent viscosity, relaxation time constants of particle interaction, or fluctuations in the particle distribution.
Subsequent testing, calibration and implementation of this sensor into ground and flight hardware will have to occur in close collaboration with this team.
· Funding sources and amounts available outside PRODEX for the requested project:
Prodex Austria has committed to funding the development of the sensor.
· Current research areas:
The Institute’s research in the sensors area comprises the following topics: physical chemosensors, microfluidic devices, microsystens for fast chemical or biological analyses (e.g., "Lab on a Chip"), integrated infrared-absorption sensor systems, sensors for monitoring of industrial processes, and the pertinent analysis circuitry and systems. The sensors are built in the Institute's laboratories; the institute has specific sensor technology processes at its disposal that have partly been developed in-house.

· Most important relevant publications in peer reviewed international journals and reviewed international conference proceedings:
Bernhard Weiss, Wolfgang Hilber, Philipp Gittler, Bernhard Jakoby, “Particle separation in alternating-current electro-osmotic micropumps using field-flow fractionation”,  Microfluid Nanofluid, DOI 10.1007/s10404-008-0374-5

Erwin K. Reichel, Christian Riesch, Franz Keplinger, Bernhard Jakoby,  "Resonant Measurement of Liquid Properties in a Fluidic Sensor Cell", Proc. Eurosensor XXII 2008, Dresden, in VDI, Seite(n) 540-543, 9-2008, ISBN: 978-3-00-025217-4.

Erwin K. Reichel, Christian Riesch, Bernhard Weiss, Bernhard Jakoby,  "A Vibrating Membrane Rheometer Utilizing Electromagnetic Excitation", Sensors and Actuators A: Physical, 7/8-2008, in Elsevier, Volumes 145-146, 349-353.
W. Hilber, B. Weiss, M. Mikolasek, R. Holly, K. Hingerl and B. Jakoby, “Particle manipulation using 3D ac electro-osmotic micropumps”, J. of Microelectronics and Microengineering, 18, p. 064016, 2008.

B. Weiss, W. Hilber, R. Holly, P. Gittler, B. Jakoby and K. Hingerl, “Dielectrophoretic particle dynamics in alternating-current electro-osmotic micropumps”, Appl. Phys. Lett., 92, p. 184101, 2008.
F. Lucklum, B. Jakoby, “Novel Magnetic-Acoustic Resonator Sensors for Remote Liquid Phase Measurement and Mass Detection”, Sensors and Actuators A: Physical 145-146, p. 44-51, 2008.

B. Jakoby, “Efficient semi-numerical analysis of acoustic sensors using spectral domain methods—a review”, Measurement Science and Technology, Vol. 19, p. 052001, 2008

Attila Agoston, Bernhard Jakoby, Nicole Dörr, “Corrosion sensors for engine oils—laboratory evaluation and field tests”, Sensors and Actuators B, Vol. 127, p. 15–21, 2007
W. Hilber, B. Weiss, M. Mikolasek, R. Holly, K. Hingerl, and B. Jakoby, “Droplet and particle manipulation in emulsions and suspensions,” in Proc. 21st IEEE MEMS, pp. 551–554, 2008.

J. Kasberger, B. Jakoby, “Design of a Novel Fully Integrated IR - Absorption Sensor System”, Proceedings IEEE Sensors Conference 2007, p. 515-518, 2007.

Erwin K. Reichel, Christian Riesch, Wolfgang Hilber, Lana Follens, Christine E.A. Kirschhock, Bernhard Jakoby,  "Optimized Design of Quartz Disc Viscosity Sensors for the Application in Harsh Chemical Environments", Proc. International Congress on Ultrasonics, Vienna, April 2007, 4-2007.
Bernhard Weiss, Erwin K. Reichel, Bernhard Jakoby, "Modeling of a clamped–clamped beam vibrating in a fluid for viscosity and density sensing regarding compressibility", Sensors and Actuators A: Physical7, 12-2007, Elsevier; 9 pages.
C. Riesch, B. Jakoby, “Novel Readout Electronics for Thickness Shear-Mode Liquid Sensors Compensating for Spurious Conductivity and Capacitances”, IEEE Sensors Journal, Vol. 7, nr. 3, p. 464-469, 2007
A. Agoston, N. D¨orr, and B. Jakoby, “Corrosion sensors for engine oils – laboratory evaluation and field tests,” Sensors and Actuators B, vol. 127, pp. 15–21, 2007.
J. Kuntner, F. Kohl, and B. Jakoby, “Simultaneous thermal conductivity and diffusivity sensing in liquids using a micromachined device,” Sensors and Actuators A, vol. 130-131, pp. 62–67, 2006.

A. Agoston, C. Ötsch, B. Jakoby: "Viscosity sensors for engine oil condition monitoring - Application and interpretation of results"; Sensors and Actuators A, 121 (2005), S. 327 - 332.

R. Beigelbeck, B. Jakoby: "A two-dimensional analysis of spurious compressional wave excitation by thickness-shear-mode resonators"; Journal of Applied Physics, 95 (2004), 9; S. 4989 - 4995.

B. Jakoby, A. Ecker, M. Vellekoop: "Monitorin macro- and microemulsions using physical chemosensors"; Sensors and Actuators A, 115 (2004), S. 209 - 214.

B. Jakoby, H. Eisenschmid, F. Herrmann: "The Potential of Microacoustic SAW- and BAW-Based Sensors for Automotive Applications - A Review"; IEEE Sensors Journal, 2 (2002), 5; S. 443 - 452.

B. Jakoby, M. Scherer, M. Buskies, H. Eisenschmid: "An Automotive Engine Oil Viscosity Sensor"; IEEE Sensors Journal, 3 (2003), 5; S. 562 - 568.

B. Jakoby, M. Vellekoop: "Physical sensors for water-in-oil emulsions"; Sensors and Actuators A, 110 (2004), S. 28 - 32.



	· Relevant international organizations, networks, working groups, ... the team belongs to:

Topical Team of ESA for Zeolite Crystallisation

Nanogrowth Research Group, Manchester, EPSRC, UK.

Numerous industrial collaborations via NMRtec, Tectospin Partner for Valorisation


F. Identification of the industrial work (if applicable).  (max. 1 page)

Describe the industrial work to be performed in terms of developments and services. List potential industrial partners and describe their experience for the requested tasks. This information aims at showing that the scientific teams are well aware of the industrial implications of the proposed project. A formal engagement with an industrial partner must not be concluded at this stage. 

	ESA already identified industrial partners who will be contracted for flight hardware development. A close collaboration with these teams is an important aspect of this proposal to ensure optimum experimental conditions.


G. Detailed milestones and related costs.  (max. 3 pages)

Detail the milestones (at least per half year) of all work to be performed and deliverables to be presented: 

· All costs presented in the financial plan of section H (salaries, travel, small and large equipment, industrial developments and services) must be clearly justified in line with this timetable; 

· Scientific and engineering work to be carried out at institute level during the term of the requested PEA (tables 1 and 2 of the financial plan) must be clearly separated from work outside the said term, as well as from developments and services to be carried out by industry (table 3 of the financial plan); 

· In case the proposal is part of an overall project, indicate the constraints imposed by it; 

· Describe the risks related to each milestone (e.g. dependency on other scientific and industrial partners, data quality, modelling, etc.). 

	Milestones
Continuous activities

M1) Co-ordination of research project and integration of the results from the team members 
Teams: COK 
 Salaries: covered by COK
Travel: 9k€ spread over 3 years asked from Prodex

M2) Experimental characterisation of molecular building units to be used in OLP studies 
Teams: COK, CIT, EMAT, Tectospin, F.O.R.T.H. 
COK,CIT

 Salaries: 2 PhD postion + 1Postdoc positions over 3 years 100% covered by COK/CIT; 100% Postdoc position asked from Prodex
Consumables (mostly high grade chemicals): 36k€ over 3 years, 27k€ covered by COK; 9 k€ asked from Prodex
Travel: 9k€ over 3 years; 4k€ covered by COK; 5k€ asked from Prodex
EMAT

Consumables: 51k€ over 3 years: Sample holders and liquid gases for the analysis of samples related to microgravity project
Travel: 6k€ over 3 years
M3) Co-operation with teams studying protein crystallization. 
DLS measurement campaigns are already in planning. 
Teams: COK, CIT
 Salaries and travel: see M2; 

M4) Theoretical study of molecular building units to be used in OLP studies 
Teams: Cenoli, CMM 
CMM

Salaries: 50% PhD

Consumables: 15 k€
Travel:  15 k€

Cenoli

Salaries:50% Postdoc;
Consumables: 10.5 k€
Travel:  7.5 k€

M5) Development of 3D imaging of nanosized particles in suspension
Initial test have shown 3D mapping of particle distributions and concentration gradients to be feasible. With reference samples developed in the KULeuven the MRC aims at the development of a diagnostic facility which directly can image the self-organisation of zeolite precursors in real time.
Teams: MRC,COK,CIT
Funding will be covered in a separate project proposal with MRC as BPI.
M6) Improvement and optimization of rheology sensor
The currently available prototype viscosity sensor will be assessed for further improvement and use beyond viscoity. Among the parameters which could be optimised are surface roughness of the sensor, extension of the monitored frequency range, coupling with a low-frequency resonator and implementation of advanced signal processing
Teams: LINZ,CIT,COK
Costs: see M2

Milestones directly related to mission preparation (timeline estimation based on inofficial information by ESA)

M7) 0-6months: Phase A feasibility study of experiment hardware
Close collaboration with industry is foreseen to ensure optimum experimental conditions
Teams: COK, CIT, LINZ
Costs: see M2 

M8) 6-15 months: Phase B of hardware development
Close collaboration with industry is foreseen to ensure optimum experimental conditions;
Test samples and model samples will be prepared and fully characterised to assess performance of breadboards/prototype. Implementation of developed sensor will be followed up closely
Teams: COK, CIT, LINZ
Costs: see M2 

M9) 16-24 months: Phase C of hardware development
Close collaboration with industry is foreseen to ensure optimum experimental conditions. Flight samples will be chosen and repeatedly fully characterised using flight prototype and ground based equipment.
Sensor implemented in hardware will be calibrated
Teams: COK, CIT, LINZ
Costs: see M2 

M10) 2011 mission
Teams: COK, CIT
Costs: see M2 

M11) Postflight data analysis 
Teams: COK, CIT, F.O.R.T.H., 
Costs: see M2


Ground based study directly related to 2011 mission
M12) 0-12 months: Study of shear imposed on zeolite synthesis solutions
using the available hardware at KULeuven the effect of controlled shear during zeolite formation will be assessed. Sampels will also be characterised with the whole range of experimental diagnostics.
Teams: COK, CIT, EMAT Tectospin, 
Costs: see M2
M13) 3-24 months: Development and characterisation of model system of aggregation behavior of anisotropic, ellipsoidal particles
Monodisperse anisotropically shaped particles  (ellipsoids and rods) have recently been synthesized and their interactions can be tuned. Their size will be optimised to mimick the situation in zeolite suspension and their behavior will be analysed in function of convection and shear. The system will allow the development of a model for aggreation of anisotropic particles like nanosized zeolite precursors.
Teams: COK, CIT
Costs: see M2
M14) 3-9 months: Study of dense zeolite suspension using multiple scattering 
An experimental setup to analyse and deconvolute light scattering from samples with multiple scattering is available. The setup will allow assessment which information can be extracted from dense zeolite suspensions. Also these samples will be exposed to shear and fully characterised.
Teams: COK, CIT, EMAT Tectospin
Costs: see M2

M15) 6-12 months: Study of increased gravity on zeolite synthesis solutions
An already available DLS setup will be installed inside a centrifuge (ESTEC) to assess the impact of increased g-levels on zeolite formation.
Teams: COK, CIT
Costs: see M2

M16) 12-18 months: Study of reduced gravity on  diffusion modes in zeolite synthesis suspensions
A parabolic mission will be applied for to 1. Test hardware developed for the ISS mission and  2. To directly analyse the effect of reduced/increased gravity on the self- and collective diffusive modes in zeolite clear suspensions.
Costs: see M2 
M17) 24-36 months: Synthesis of experimental and theoretical results to include convection and shear into a model of zeolite formation 

Teams: COK, CIT, EMAT, CMM, Tectospin, F.O.R.T.H.
While the self-organisation of elemental units into zeolites strongly depends on convection and gravity levels, these effects cannot be explained and predicted. The microgravity results together with the molecular level forces obtained by CMM will allow the development of a model taking flow and convection into account. This model is expected to greatly benefit optimisation of zeolite synthesis in industry. 

Salaries,Consumables,Travel: see M2,M4


H. Financial information

All prices must be expressed in Euro (€). A financial-plan form must be filled in separately by the BPI and by each Bco-I requesting PRODEX support, including already estimated industrial costs (ROM price: Rough Order of Magnitude). ESA will later define the contractual modalities for all involved partners. 

Table 1: Institute Costs. 

1. Salaries: The title, surname and name of the envisaged employees as well as the duration and the percentage of their employment (if not employed the full year at 100 %) requested from PRODEX must be mentioned. Pre-tax wages tied to cost of living increases, employers' social security and statutory insurance contributions, as well as any other additional compensation or allowance due by law must be taken into account. In the case of a researcher preparing a Ph.D. or working in the framework of a post-doctorate, it is strongly recommended, if possible, to allocate a grant which lowers the staff costs. All manpower must be clearly justified in section G. 

2. Travel: Travel costs must be limited to the minimum required, with a yearly absolute maximum of 10 % of the corresponding institute costs (table 1). Deviation from this rule can only be accepted in exceptional circumstances. All travel costs must be clearly justified in section G. 

3. Small Equipment (< 5 000 € per item): Laboratory equipment and consumables, office equipment, publication costs, documentation, utilization of calculation facilities, software and telecommunications. Details must be given in section G to justify these costs. 

4. Overheads: Institute’s general overheads covering, in a lump sum, secretarial work, administration, telephone, postal, maintenance, heating, electricity, rent, machine depreciation and insurance costs. As a rule, the total amount of this post may not exceed 5 % of the total salaries, travel and small equipment costs (points 1, 2 and 3). 

Table 2: Equipment (> 5 000 € per item) to be purchased via ESA. 

All equipment items (off-the-shelf), exceeding each an amount of 5 000 €, must be purchased via ESA, which is exempted of VAT. A request for order must therefore be sent by the institute to the PRODEX Office before concluding any agreement with a supplier. As a rule, this request must be based on proposals from 3 different Belgian suppliers with a detailed justification of the choice of the institute. If no suitable supplier can be found in Belgium, other European or non European suppliers can be selected. In case of emergency, and with the previous agreement of the PRODEX Office (and of BELSPO if it impacts the overall budget), a procurement can exceptionally be directly concluded between the institute and a company to avoid delays. All equipment items must be clearly justified in section G. 

Table 3: Industrial Developments and Services. 

In general, industrial developments and services are set up via a separate standard ESA contract managed by the PRODEX Office with the support of the technical directorate of ESA. However, this task can be delegated to the investigator on a case by case basis depending on the amount involved and on the nature of the project. Information on the work to be performed and on potential companies must be given in section F and detailed justifications of the required activities must appear in section G. 

FINANCIAL PLAN (in Euro) – KU Leuven, COK
	· Date of this financial plan: 06/12/2008
· Title/Acronym: Self-assembly of hierarchical catalysts and adsorbent materials from Ordered Liquid Phases (OLPs)

· Name and role of the investigator: C. Kirschhock (BPI), Jan Vermant (B-coI)
· Institute/University: KU Leuven, COK
· Starting and ending date of the requested PEA: 01/01/2009 – 31/12/2011
· Requested research position

One Postdoc position (3 years) is estimated to ensure success of the foreseen microgravity experiment. The tasks of this Postdoc will be:

1. 1. close collaboration with industry during the development and testing of the flight hardware, 
2. 2. support during implementation of the sensor developed by the group of Professor Jakoby

3. 3. interaction with Topical Team for Protein Crystallisation to optimise diagnostic environment for study of nucleation processes in proteins

4. 4. preparation of the actual microgravity and reference experiments

5. 5. sustaining the network of the participating research groups

In parallel necessary ground based characterisation needs to be continued and intensified. A PhD position (3 years, financed by COK/CIT) is foreseen to fulfill the following tasks:

6. 1. Study of the effect of varying shear and gravity levels on zeolite synthesis
7. 2. Development and study of model system for aggregation of nanoscopic anisotropic particles

8. 3. On ground characterisation and conduction of reference experiments of flight samples

9. 4. Post-Flight data analysis 


Table 1: Institute Costs in Euro. 

	Post
	2009
	2010
	2011
	Total

	1. Salaries:1
· E. Reichel,Postdoc 100%
	80000
	82000
	85000
	247000

	2. Travel
	8000
	6000
	5000
	19000

	3. Small Equipment (< 5 000 € per item, chemical, cuvettes, liquid gases)
	15000
	15000
	15000
	45000

	4. Overheads (5%)
	5150
	5150
	5250
	15550

	Total
	108150
	108150
	110250
	326550


1 Positions shared between COK and CIT

	TOTAL:
	326550


FINANCIAL PLAN (in Euro) – ULB, Cenoli
	· Date of this financial plan: 21/10/08

· Title/Acronym: Influence of mass transport and surface growth processes on protein crystal perfection

· Name and role of the investigator: Prof. Grégoire NICOLIS, B-coI

· Institute/University: CeNoLi, Université Libre de Bruxelles

· Starting and ending date of the requested PEA: 01/01/09 – 31/12/11


Table 1: Institute Costs. 

	Post
	Year 2009
	Year 2010
	Year 2011
	Total

	A. Salaries:

       Postdoc, Vasileios Basios 50%


	40000
	41000
	42500
	123500

	B. Travel
	2500
	     2500        
	             2500   
	7500

	C. Small Equipment (< 5 000 € per item)
	3500
	   3500
	   3500
	10500

	D. Overheads
	2300
	2350
	2425
	7075

	Total
	48300
	49350
	50925
	148575


Table 2: Equipment (> 5 000 € per item) to be purchased via ESA. 

	Identified Supplier
	Item
	Price

	Unipress.be 
	Contribution to the purchase, installation, maintenance  and service of a “High Performance Multi Core CPU Computer”


	 7000

	Total
	7000


	TOTAL:
	155575


FINANCIAL PLAN (in Euro) – UGent, CMM
	· Date of this financial plan: 19/12/2008

· Title/Acronym: Self-assembly of hierarchical catalysts and adsorbent materials from Ordered Liquid Phases (OLPs)

· Name and role of the investigator: V.Van Speybroeck (B-col), M.Waroquier (B-coI)

· Institute/University: UGent, CMM

· Starting and ending date of the requested PEA: 01/01/2009 – 31/12/2011

· Requested research position

1. One half PhD position (3 years) is estimated to ensure the support on molecular modeling. 




Table 1: Institute Costs. 

	Post
	2009
	2010
	2011
	Total

	5. Salaries: 

· PhD grant 50 % 
	20 000
	20 000
	20 000
	60 000

	6. Travel
	5 000
	5 000
	5 000
	15 000

	7. Small Equipment (< 5 000 € per item)
	5 000
	5 000
	5 000
	15 000

	8. Overheads (5%)
	1 500
	1 500
	1 500
	4 500

	Total
	31 500
	31 500
	31 500
	94 500


	TOTAL:
	94 500


FINANCIAL PLAN (in Euro) – EMAT, University of Antwerp
	· Date of this financial plan: 11/12/08

· Title/Acronym: Self-assembly of hierarchical catalysts and adsorbent materials from Ordered Liquid Phases (OLPs)
· Name and role of the investigator: Prof. Sara Bals, Prof. Gustaaf Van Tendeloo (B-coI)

· Institute/University: University of Antwerp

· Starting and ending date of the requested PEA: 01/01/2009 – 31/12/2011


Table 1: Institute Costs. 

	Post
	Year 2009
	Year 2010
	Year 2011
	Total

	A. Salaries: 
	0
	0
	0
	0

	B. Travel
	2000
	2000   
	2000  
	6000

	C. Small Equipment (< 5 000 € per item) Sample holders and liquid gases for cooling for the samples related to microgravity project
	17000
	   17000 
	   17000
	51000

	D. Overheads (15%)
	2850
	2850
	2850
	8550

	Total
	21850
	21850
	21850
	65550


	TOTAL:
	65 550
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