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“Morphology and dynamics of nanostructures and disordered materials via atomic-scale modelling”, held in Warsaw, September 15-19, 2008

Please note: this meeting took place within the framework of the European Material Research Society Fall Meeting, Symposium G.

SUMMARY


The purpose of the meeting was to bring together scientists active in the area of computer modelling of materials of various kinds (nanostructures, disordered networks, biological molecules) and having in common the use of molecular dynamics techniques to highlight the mechanisms of migration, formation and structural organization. The idea was to focus on representative examples of methodological advances and outstanding applications, thereby exemplifying the strong link existing between improvements in molecular dynamics methods and increased computational power. A few additional contributions (selected as contributed talks and/or posters presentations) could be classified in the two general areas of a) computational material science and b) experimental findings taken as the natural counterpart of the simulation results highlighted in the meeting. 



The number of oral presentations were set to be 31, among them 12 were invited talks and 21 contributed talks. In order to improve the quality of the scientific message, 45 minutes were available for the presentation of the invited talks and 30 for the contributed talks.    On the standpoint of methodology, a large share of scientific discussions have been devoted to the accelerated schemes for performing dynamics on extended time scales, this issue being most likely the one fostering the largest interactions between the communities of surface science dynamics, nanosystems under pressure and biological macromolecules. With respect to the connection with life science and, more generally, to organic chemistry and biochemistry, it has to be said that the language of material science and condensed matter theory could seem very far from the main issues treated in, say, protein science and biochemistry. However, it appeared that similar methodologies can help to attenuate important gaps of knowledge somewhat hampering communication between scientist having different backgrounds. Also, there are specific thermodynamical quantities attracting widespread interest in all communities, like the free energy, their accurate and affordable calculation being a topmost general priority.


The meeting was organized by attracting fairly young invited speakers (average age about 40) distributed over several European countries (France, Belgium, Italy, UK, Germany, Austria, Spain). The gender issue was carefully considered, by selecting as many as 5 women scientists as invited speakers. Due to the unfavorable exchange rate between the euro and the US dollar, we were unable to attract any scientist from the USA, while we had participants coming from Australia, from Japan and from Colombia. Social activities were made possible by the ESF support under the form of a dinner in a typical polish restaurant, attended by about 25 participants.

DESCRIPTION OF THE SCIENTIFIC CONTENT

The knowledge of structural conformation and evolution of atomic-scale objects with temperature and external constraints (such as pressure, stress, external fields, etc.) is a necessary prerequisite to understand and characterize the behavior of nanostructures. These have  to be intended as systems bearing peculiar properties at the nanometer scale compared to their bulk counterparts.  This same requirement also applies to disordered systems for which the input of modeling has proved to be determinant in elucidating experimental findings, such as total and partial structure factors. Two concomitant factors have been leading motivations during the course of the meeting presentations: a) the increasing availability of atomic-scale methods to describe materials on  a computer with no sacrifice in terms of chemical bonding and interatomic forces accuracy and b) the rapid growth of computational resources allowing performances more and more adapted to realistic systems sizes and time intervals for essentially any kind of condensed matter system. From the atomic-scale point of view, the common denominator acting as a unifying factor between the nanostructures and disordered matter communities is the use of molecular dynamics techniques. By focusing on specific applications of this and related approaches, the symposium has provided  information on their predictive power when applied to non-homogeneous and non-ordered materials. In particular, we have gained insight into the capabilities of this numerical tool to address issues such as structural determination, interplay between electronic and geometrical shell closing effects, migration mechanism for on-surface phenomenon (for nano-objects in their isolated or adsorbed form ) as well as identification of constitutive structural units, microscopic nature of glassy formation and origin of measured features (for disordered materials). The symposium has been open to significant contributions from the field of structural studies of large molecules of organic or biological interest. This has been done by stressing the methodological advances that have made feasible simulations combining different level of accuracy in the calculation of properties in different regions of space. 

The following hot topics have been covered during the meeting:

1) Methodological advances in the area of molecular dynamics simulations, including first-principles technique well adapted to go beyond current system size limitations. 

2) Definition of a computational route (complementary to experimental studies) to the design of atomic clusters and molecular superstructure possessing properties tailored to well specific electronic and structural properties, and/or expected to interact in pre-assigned manners with inorganic surfaces. 

3) Identification of mechanism for diffusion and growth of nanostructures, in combination with the synthesis of nanoelectronics devices

4) Topology of disordered networks, interpretation of spectral features, definition of an atomic-scale  background for the behavior of disordered systems as a function of variations of temperature and/or pressure, stress, etc.

5) Overall,  the high level of reliability of atomic-scale modeling to address the issue of structural determination has been convincingly exemplified, providing pieces of evidence on its role of  link toward improved understanding of material properties.

ASSESSMENT OF THE RESULTS AND IMPACT OF THE EVENT ON THE FUTURE DIRECTION OF THE FIELD.

The main result of our meeting is to have made possible the gathering of computational scientists belonging to different communities (material science, condensed matter physics and chemistry, inorganic chemistry and biology) using atomic-scale tools, most of all molecular dynamics. Based on the feedback we had from the participants, the overall outcome has been highly positive, since most of the colleagues attending the meeting were not simply aware of the possibilities opened by this computational tool in fields other than their own. During the Symposium, people have become aware that the realistic simulation of complex system on time intervals encompassing a few ns has become a reality, due to a combination of methodological advances and increased computational power. A revealing example is provided by the issue of the “minimal system size” in periodic boundary calculations applied to disordered systems. So far, these systems have been treated by assuming that box lengths of the order of 1.5 nm can give access to  a wide range of structural properties, including those depending on next-nearest neighbors interactions. While this remains true in principle, only a few tests have been performed to prove the full legitimacy of these assumptions, due to the prohibitive computational burden. When compared to what is actually done on large molecules of biological interest, such tests appear now affordable and even more necessary to avoid any spurious size effect. The awareness of the richness of the techniques available to extend the time scales of the simulations is one of the other relevant results of our meeting. By comparing several approaches having in common the acceleration of the dynamical events, a full list of choices has been made available to the users, each specific implementation being adapted to a particular issue. In this context, the impact of linear scale methods on future developments appears to increase at a rapid pace. Overall, the meeting has allowed to sketch an upcoming scenario of computations for the year to come, combining linear scale methods, accelerated dynamics and reliable description of chemical bonding. Accordingly, as a promising consequence, future directions in the field of molecular dynamics simulations will be more and more adapted to solve a series of problems common to different scientific areas, with continuous feedback among researchers active in different disciplines.

FINAL PROGRAM OF THE MEETING AND LIST OF PARTICIPANTS

	14:00
	00:45:00
	Invited oral
	Christoph Dellago
	Pressure induced phase transformations of nanocrystals studied with transition path sampling simulations

	14:45
	00:45:00
	Invited oral
	Carla Molteni
	Changing shape under pressure: a study of semiconductor nano-crystals by metadynamics

	September 16th, Tuesday 
	
	

	09:00
	00:30:00
	Oral
	Michael Grünwald
	Transition states in pressure-induced structural transformations of nanocrystals

	09:30
	00:30:00
	Oral
	Edwin Flikkema
	Graph-based sampling of fully-coordinated silica (SiO2)N clusters

	10:00
	00:30:00
	Oral
	Alexander V. Evteev
	Phenomenological Analysis and Monte Carlo Simulation of Diffusion in Hollow Binary Alloy Nanospheres

	11:00
	00:30:00
	Oral
	Elena V. Levchenko
	Molecular Dynamics Study of Formation by Interdiffusion of Pd-Ni and Ag-Ni Nanoparticles

	11:30
	00:30:00
	Oral
	Taras M. Radchenko
	Atomic Ordering in Metal-Doped Graphene: Statistical Thermodynamics and Kinetics

	12:00
	00:30:00
	Oral
	Fabrizio Cleri
	Shape and faceting of Si nanocrystals embedded in an amorphous glass matrix

	14:00
	00:45:00
	Invited oral
	Karina Morgenstern
	An STM investigation of the influence of topography and electronic structure on diffusion

	14:45
	00:45:00
	Invited oral
	Francesco Montalenti
	Fast surface exchange processes determining local concentration profiles in heteroepitaxial nanometric islands

	16:00
	00:30:00
	Oral
	Rafal Kozubski
	Surface effect on atomic ordering in nano-layered L10 AB binaries: multiscale Monte Carlo Simulation

	16:30
	00:30:00
	Oral
	Christine Goyhenex
	Simulation of atomic migration in CoPt ordered alloys

	17:00
	00:30:00
	Oral
	Véronique Pierron-Bohnes
	Quenched molecular dynamics simulations of the vacancy behaviour near the (001) surface of an ordered CoPt alloy

	17:30
	00:30:00
	Oral
	Mikhail D. Starostenkov
	Atomic Mechanisms of Structural Reconstruction of Nanocrystal FCC at an Impulsive Deformation

	18:00
	00:30:00
	Oral
	Carlos A. Duque
	Calculation of direct and indirect excitons in GaAs/Ga1−xAlxAs coupled double quantum wells: electric and magnetic fields and hydrostatic pressure effects

	September 17th, Wednesday
	
	

	09:00
	00:45:00
	Invited oral
	Alessandro Mattoni
	Growth phenomena and optoelectronic properties of mixed-phase amorphous-crystalline nanosystems

	09:45
	00:45:00
	Invited oral
	Hervé Bulou
	Surface diffusion on inhomogeneous surfaces

	11:00
	00:30:00
	Oral
	Roberto Scipioni
	Interlayer effects in Multi walled Carbon Nanotubes and Carbon Nanopeapods

	11:30
	00:30:00
	Oral
	Matthieu Soulis
	Ab initio study of a metal contacted organic-inorganic heterostructure

	12:00
	00:30:00
	Oral
	Mark S. Zhukovskiy
	Computer simulation of high reversible hydrogen sorption on surfaces of a carbon nanotube

	14:00
	00:30:00
	Oral
	Paola Gallo
	The fragile to strong dynamic crossover transition in confined water: molecular dynamics results

	14:30
	00:30:00
	Oral
	Milica Todorovic
	Large-scale density-functional theory study of gramicidin A ion channel geometry and electronic properties

	15:00
	00:30:00
	Oral
	Affouard Frederic
	Molecular dynamics simulations of lysozyme in water/sugar biopreservative solutions

	September 18th, Thursday 
	
	

	09:00
	00:45:00
	Invited oral
	Annick P. Dejaegere
	Computational analysis of protein-protein interfaces and implications for ligand design

	09:45
	00:45:00
	Invited oral
	Carme Rovira
	Substrate conformational changes in carbohydrate binding enzymes. Insights from ab initio simulations.

	11:00
	00:45:00
	Invited oral
	Philip S. Salmon
	Ordering in Network Liquids and Glasses

	11:45
	00:45:00
	Invited oral
	Jean-Yves Raty
	Distortions and low symmetry environments in liquids :  alkalis at high pressure.

	14:00
	00:30:00
	Oral
	Christophe Bichara
	Atomic and electronic structure of GST phase change materials

	14:30
	00:30:00
	Oral
	Anita Zeidler
	Partial Structure Factors of Molten and Glassy Zinc Chloride

	15:00
	00:30:00
	Oral
	Masahiko Matsubara
	Silica glass models from first-principles molecular dynamics approach

	16:00
	00:45:00
	Invited oral
	Simona Ispas
	First-principles modelling of some simple silicate glasses: local structural distortions vs specific macroscopic properties

	16:45
	00:45:00
	Invited oral
	Mark Wilson
	Multiple Length-Scale Ordering in Network-forming Ionic Liquids

	17:30
	00:30:00
	Oral
	Massimo Celino
	Defective icosahedral order in undercooled copper
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POSTERS

	G01
	Ekaterina Antoshchenkova
	Kinetic Monte Carlo simulation of homoepitaxial growth of magnesium oxide thin films by molecular deposition

	G02
	Mark S. Zhukovskiy
	Morphology and topological Shannon’s information interdependence for self-assembling nanoparticle agglomeration

	G03
	Mark S. Zhukovskiy
	Theory and computer simulation of interconnection between femtosecond dynamics and corporative phenomena in nanosystems

	G04
	Carlos A. Duque
	Hydrostatic pressure and Γ − X mixing effects on the exciton and impurity related optical properties in GaAs-Ga1−xAlxAs quantum wells

	G05
	Paola Gallo
	Thermodynamics of supercooled water in solutions and in confinement

	G06
	Krzysztof M. Górny
	Dynamical properties of homocysteine near carbon nanotube – MD simulation

	G07
	Krzysztof M. Górny
	Molecular dynamics of 5CB mesogene molecules covering graphene layer  – computer simulation                      

	G08
	Krzysztof M. Górny
	Dielectric relaxation of homocysteine layer between graphite walls – computer simulation  

	G09
	Mohammad M. Hasani-Sadrabadi
	Effect of silicate nanosheets on nanochannel morphology of polymeric ionomers

	G10
	Roman I. Hrytskiv
	Modelling of nanooscillators

	G11
	Ali Jaafar
	Formation of stacking defects at surfaces: From atomistic modelling to DFT calculations.

	G12
	Ali Kachmar
	Ab initio Molecular Dynamics study of the dynamic behaviour of a «floppy» guest complexed in Mo12 cage

	G13
	Svetlana Karitskaya
	The spatial-temporal structures  аs a model system for used microheterogeneous structure of aqueous-alcohol solutions

	G14
	Małgorzata Karolus
	amorphous materials - x-ray studies

	G15
	Valeriy V. Kartuzov
	Computer simulation of structure and hydrogen capacity of nanoporous carbon

	G16
	Pawel J. Keblinski
	Contact Resistance Limited Thermal Transport of Carbon Nanotube Mats

	G17
	Piotr Moszczyński
	Characterization of Ni-P surface layers produced by the chemical method in a multicomponent solvent with additions of ionic liquids

	G18
	Marek Muzyk
	Modeling of order-disorder phase transition in intermetallic compounds

	G19
	Toshiharu Ohnuma
	Dynamical simulation of SiO2/4H-SiC C-face interface oxidation process at 1500K

	G20
	Adam Piątek
	Desorption of H2 molecules from hydrogen doped TiC2H2 exohedral fullerene nanosystem

	G21
	Adam Piątek
	Dynamical and structural properties of OH - decorated fullerene cluster: computer simulation study

	G22
	Adam Piątek
	The properties of fullerenol nanosystem (C60OH24)7 - MD simulation

	G23
	Gagik Shmavonyan
	SEM investigations of the surface and cross-section features of ZnO nanowires under focused ion beam treatment

	G24
	Mikhail D. Starostenkov
	The Formation of Aggregates from Ni Atoms at the Impulsive High-Intensive Influences on Ni3Al Intermetallide

	G25
	Mikhail D. Starostenkov
	The Problems of the Construction of Many-Body Potentials

	G26
	Andrii V. Sushyi
	Morphology of three-dimensional Ge nanoclusters growing on SiOх (х<2) film
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